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Journal Brasses: 


Ground on No 


. 14 Besly Disc Grinder with geared Lever 
Small Castings illustrated: size of surface ground 6" by 
Stock removed, 
Time: 50 


Large Casting: size 


ugh to clean up, ebout #4". 
pieces per hour. 


of surtace ground, 8" by 12%, 


Seock removed, enough to clean up, about :" 
Time: 30 pieces per hour. 
Circle used No. 5110 Helmet Spiral Cloth Circle 


Send us some samples and we'll grind them without char 


time and material used. 


(Originators of Disc Grinders.) 
HARLES H.BESLY & 
15-17-19-21 §.CLINTONST 
Chicago ~lllinois U:S.A.” 
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2',x 26 Inch Open 


Equally Suitable for Work on 








Points of Superiority 

Single drive with six- 
teen changes of speed 
whtle running. 


The most powerfus 
drive of all turret lathes 
of its size. 


Stationary headstock 
of great rigidity—the 
most practical and eco- 
nomical arrangement for 
belt or motor drive. 





of ‘J et Showing 12 Longitudinal and 8S Cross-feed Stops 


Rod Chuck Jaws are 
supported to extreme 
front end. Each part 
hardened and ground. 


Work is held in head- 
stock which is do/ted 
solid to the bed and 
tool is brought to the 
work with a rigid, yet 


sensitive tool carrier. 





»p View of ‘I t It nit l . 
PRATT & WHITNBY GCOMPANY, 
OFFICES—Trinity Building, 111 Broadway, New York. Boston: Oliver Bldg. Chicago: Commercial National Bank Bldg. Pittsburg: Frick Bldg. St. Louis: 
616 North 3d St. Philadelphia: 2lst and Callowhill Sts. Birmingham, Ala., Brown-Marx Bidg. Agents: California, Nevada and Arizona, Harron Rickard & 
McCoune, 436 Market St., San Francisco, Cal., and 164-8 North Los Angeles St., Los Angeles, Cal, The Canadian Fairbanks Co., Ltd., Montreal, Toronto, Win- 


nipeg and Vancouver. Japan, F. W. Horne, 70 C Yokohama. 
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POND 


HEAVY LATHES 


We manufacture lathes of all kinds and sizes, for all classes of work, including: 











Bench Lathes Pulley Lathes Car Wheel Lathes 
Toolmakers’ Lathes Forge Lathes Driving Wheel Lathes 
Engine’ Lathes Gun Lathes Axle Lathes 

Turret Lathes Projectile Lathes Crank Shaft Lathes 
Ingot Lathes Facing Lathes Cylinder Lathes, etc. 





C 
1 48-inch Pond Engine Lathe. Motor Driven. 
d Pond Lathes are so designed as to give ample power and stiffness to allow for heaviest cuts 
with high-power-steel tools. Full belt power is available at all speeds. Lathes 
, can be readily changed from belt to motor drive or vice-versa. 
at ‘ ‘ , , ° ° 
Further information and tllustrated circulars furnished upon request. 
. 
NILES-BEMENT-POND CO 
°9 
TRINITY BUILDING, 111 BROADWAY, NEW YORK, U. S. A. 
9 
OFFICES 
ston: Oliver Bldg. Chicago: Commercial National Bank Bldg. Pittsburg: Frick Bldg. St. Louis: 516 North 3d St. Philadelphia: 21st and Callowhill Sts. 
is: irmingham, Ala: Brown-Marx Bldg. Agents: The Canadian Fairbanks Co., Ltd., Montreal, Toronto, Winnipeg and Vancouver, Agents for Cali- 
L& rnia, Nevada and Arizona: Harron, Rickard & McCone, 436 Market St , San Francisco, Cal., and 164-8 North Los Angeles St , Los Angeles, Cal, F. W. Horne, 


in- C Yokohama, Japan 
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POND vieeer LATHE 











28" Pond Rigid Turret Lathe with standard tool equipment. 


The ordinary heavy turret lathe is often 
knownintheshopasa “man killer.’”’ The 
Pond Rigid Turret Lathe with its automa- 
tic revolving and clamping mechanism for 
the turret, rapid power traverse, and con- 
venient feed and speed change levers is 
easier on the operator than the engine lathe. 


Catalogue and full information on request. 


NILES-BEMENT-POND COMPANY, 


Trinity Building, 111 Broadway, New York, U. S. A. 


OFFICES 
Boston: Oliver Bldg. Chicago: Commer¢tal National Bank Bldg. Pittsburg: Frick Bldg. St. Louis: 516 North 3d St. Philadelphia: 21st and Callowhill Ste 
Birmingham, Ala: Brown-Marx Bldg. Agents: The Canadian Fairbanks Co., Ltd., Montreal, Toronto, Winnipeg and Vancouve Agents for Cali- 
fornia, Nevada and Arizona: Harron, Rickard & McCone, 436 Market St , San Francisco, Cal., and 164-8 North Los Angeles St., Los Angeles, Cal, F. W. Horne. 














March 26, 1908 


Grinding vs. Cutting by Emery 
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Comparison of Conditions, Power, Speeds and Time Necessary to 
Remove Metal by Grinding under Normal and Abnormal Conditions 
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lL here seems to be a good deal of mis 


understanding in the mechanical world as 


tc what is going on when a grinding wheel 
is removing stock from work. This ex 
pression is often heard “This wheel 


cuts; it does not grind;” the intention be 


ing to impress the reader or hearer with 
the thought that that particular wheel has 
it of that other 


¢crinding wheels do not have 


in some virtue cutting 


It is, of course, true that many wheels 
cut very poorly, so also do many tools. Be- 


cause some of the cutting particles of 


grinding wheels are blunt, or even round, 


does not prevent their cutting 


as 


H. 


that 
cutting particles together or so fin 


N OR 


wheels have so hard a bond 
the 
particles that the wheel is so dens 
there is no possibility for the cutting pat 
ticles to project enough to cut, 
is certainly no room for chips if they wer« 
removed Such wheels, however, la 
Such people ar 


the lathe 


longer than good ones 


doing precisely what 


would be doing if he covered the cutting 
point of the tool with solid steel, allowing 
the point to project only 0.0005 inch or so, 


and then forcing the lathe to remove large 


quantities of metal in a short time. Re 


great heat and great p: 


wel r¢ 





‘ 


- ; 


(Bz) 


» 


| 
} 


F1G I, PRODUCING A 


We all could 


not conceive of a lathe tool as capable of 


can remember when we 
cutting unless it had a sharp and raking 
edge; but modern high-speed steels have 
shown us that tools without sharp edges 
r sharp points cut off the greatest quan 
tity of chips in the shortest time 

Che quality of these steels for cutting at 
high speed is the secret of their success: 
Some are 
f material that cuts better than that of 
which All at 


high-speed steel tools, 


so with grinding wheels made 


others are made best 


han 


cut 
higher spee d t 


ind both cutting wheels and high-speed 


steel tools many times have blunt edges. 


Many people, however, use grinding 


*The Norton Company, Worcester, Mass. 
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RIBBON BY 





ABNORMAL GRINDING 


quired, hence great waste. In this 
he the tool last a | 


time at the expense of power, lathe, tim: 


man 


ner could make 


yng 
Would we say that all steel tools grind in 
stead of cut because of the action of such 
a tool? 

the 
great mass of mechanics think of grinding 


It is probably true, however, that 


as something apart from cutting. Having 
spent something over twenty years as a 
specialist on cylindrical grinding, I hav 
come to know, through that experience, 
that whether the material is removed by a 
good turning 
With 
grinding wheel the chips are so very small 
that 


good grinding wheel or a 


tool, it is cut just the same the 


we do not recognize them as chips 





holdin x 


that 
tilal 


and there 


Huse 


operator 





TO N# 


without the aid of the mic! 
pe, 
shavings identical 
steel tools, except that they 


microsce however, shows 


to be 


from are 


roscope i 


them cleat 


many different shapes, widths and length 


because the cutting points of the grinding 
wheel are of different shapes and ang 
yf clearance Some have a raking cut, 


some have a dragging cut 


still natural for the mechanic to discredit 
what I have just stated, and regard grind 
ing as something apart from cutting. For 
this reason a photograph like Fig. 1 | 
comes at once interesting to him; and, 
he is uninitiated in the art of cylindrical 
crinding, he naturally supposes, when 
ing this photograph, that great advances 
have been- made in cylindrical grindn 
d at last his ideal way of removing 
terial has been found with the grinding 
machine. He can see clearly the long, rl 
bon-like chips shavings that aré 
moved by the wheel. He also at once bi 
comes interested in the machine and whi 
that produced them 


No. 1 is of a Norton grn 


W heels 


with the cuttings 


ic > 


It is, howeve! 


~ 


ing macl n the act of removing ril 
bon-lik hips from 35-point carbon steel 
ind the depth of cut can be seen in tl 
photograph, the wheel being forced d 
rectly toward the axis and cutting its full 
widtl lhis photograph was made during 
some tests t estab] sh the tacts in rega 
to this phenomeno! The tests were mat 
very thoroughly, many differé wheels 
speeds, feeds, et wert ed, instrume 
wert rected wit ( electri t 
for measuring the power, and ything 
was done to insure ientific investigat 
into the facts These tests determined tl 
following facts 

Viz., that almost vy kind of grinding 
wheel, whether good or bad, can be m 


» produce these ribbon-like chips 


The poorer the grinding wheel, ( 
heavier will be the ribbon chip which 1s 
removed in a given time, but the greater 
will be the power required 

The better the grinding wheel, the 
lighter will be the ribbon chips and the 
herse-power required will be proportion- 
ately less 

The slower the revolution of the work 
and the less the amount of material re- 
moved per minute per horse-power, the 


better will the ribbo1 
The faster 


and the more work accomplished per min 


1 appear 


ute per horse-power, the less will the rib 

bon appear, until it disappears entirely 
With a really good cutting wheel it 

most difficult to produce the ribbon 





the revolution of the work 


1s 







With a really poor cutting wheel it is 
most easy to produce the ribbon. 

In the test shown in the photograph the 
total place shown 


stock removed in the 


where the wheel is cutting was 2.34 cubic 
inches 

[he cutting time when removing the 
stock by the ribbon chip method was ten 


minutes 
Che 


me amount of 


time when removing the 
stock by 
method was one minute and 30 seconds. 

While the stock 
removed in was a 
in time in favor of the ordinary 


cutting 
the ordinary 
was 


same amount of 


each case, there vast 
difference 
method. The horse-power consumed was 
).6 during the ten minutes for the ribbon 
test and 8.8 during one minute and 30 sec 
ynds for the regular method of grinding. 

The stock minute 


irse-power with the ribbon method was 


removed per per 


0.244 cubic inch. 


For the regular method, 0.1475 cubic 
inch , 
The cost to remove one cubic foot of 
steel, rating power at 1'%4c. per horse- 
power-hour and labor at 3o0c. per hour, 


would be, for the ribbon method, $55.10 
and for the regular method $8.63 
Phe the 
method compared with the regular method 
was between 15 and 16 per cent. In the 
case of the photograph, the ribbon chip is 
cent. of the total 


quantity efficiency of ribbon 


only 15 per steel re- 
moved 

In order to produce these ribbon chips 
with obliged to 
dull the face of it until it was glazed and 


then to force it into the work so fast that 


a good wheel we were 


steel would adhere to the face and increase 
the heating 


It is thus very clear that while these rib 
bons convey the impression, to those un 
that some great 


has 


acquainted with grinding, 


feat in removing material been ac- 


complished, in reality it is a step away 
backward 
It may be interesting to know what is 


going on between the grinding wheel and 
the revolving work when this chip is re- 


moved in this way The illustration, Fig. 


2, is made after a very careful study of 


the facts and I am quite sure that this ex- 


planation is correct. -Lhe work 4 in the 


case of the photograph was revolving only 
two revolutions per minute in the direc 
nm of the arrow. ‘The wheel was ri 

volvi 6oo0o feet per minute in the other 
direction The line of contact lepth 
of cut was practically the same as that 
hown in the sketel The greater part of 
the material that w removed from. the 
point where vheel rs comes 

ict with the work, to the point C 
was removed in the ordinary way From 
the point C to D the work was almost at 
a white heat. Consequently the metal was 


so soft that, 


owing to the extraordinary 
wheel, it 
was rolled off, very much as a dull milling 
roll off a 
end of the 


poor condition of the grinding 


bur 


work 


cutter will when passing 


The 


over th water 
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flowing on the work prevented the work 
accumulating heat and eventually 
becoming red hot all over. It kept the 
red-hot point limited to the point C to D. 
A slower revolution would the 
size or hight of this red-hot point up to 
E, or 


revolution. 


[- - 


from 


increase 


higher, according to the speed of 
This consequently would give 





FIG. 2. THE FORMATION OF THE RIBBON 


ribbon at a greater expense of 


A poor wheel also, with the 


a thicker 
horse-power. 
same revolution of work, will increase the 
heating to a higher point than C and con 
sequently make a thicker chip, as a larger 
proportion of the steel removed would lx 
rolled off instead of cut off. Grinding in 
this 
work, without water, finally heats the en 


manner with a slow revolution of 


tire piece of work to a forging heat all 
through in the neighborhood of the cutting 
wheel. In fact, in one test we made the 


entire piece of work became glowing hot, 
as though it had been heated in the forge. 
In this case the chip rolled off was very 


thick 

















FIG. 3. CHIPS FROM NORMAL GRIND- 
ING MAGNIFIED 
[ should explain that here before any 
ribbon appears by this process the wheel 


must grind long enough, under this abnor 
mal pressure and abnormally slow revolu 
tion work, to heat the work at the point 
C-D. Consequently a amount of 
material is removed before this 
leeply into the diameter of 


large 


occurs, 


cutting quite 
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the work lhe poorer the wheel, the 
sooner will the ribbon appear; the better 
will the ordinary 


erinding continue before the heating ac 


the wheel, the longer 
cumulates and the ribbon is formed 
Boiled down, the proposition means that 
to produce ribbons like those shown in the 
phetograph one must violate all economy 
ia grinding, and grinding becomes ab 
normally expensive, wear and tear on the 
machine is abnormal, and the excessive 
heating calls for a great waste of power 
The result of grinding is 


chips like those shown in the micro photo 


economical 


graph in Fig. 3. This photograph was 
taken from chips caught from normal 
grinding. 


It is not necessarily true that the only 
way to remove material economically 1s 
by tools that make broad chips, visible to 
the naked eye. It has developed in the last 
few years that in removing relatively small 
quantities of material, such as the reduc 
tion of work 1/64 inch, 1/32 inch, or 1/16 
inch in diameter (where quality of surface 
is considered), the removal of steel with 
a tool that makes infinitely small chips is 
much more economical than the removal 
of material with a tool that makes large 
chips that are visible to the naked eye; 
so that while it may appear to the unini 
tiated, when looking at a photograph like 
Fig. 1 that the machine and grinding wheel 
that produces such a result is superior to 
those that grind in the ordinary way, this 
is not true and might be exactly the re- 
verse. The machine and wheel that could 
not produce work any other way would 
be worthless for removing stock in a com- 
mercial way. Indeed, the phenomenon is 
simply the result of experimenting in an 
abnormal way with a machine and wheel 
intended to do practical, commercial work, 
and’ reveals nothing indicating either a 
practical method of removing material or 
any superiority of the machine or wheel 
thus used. 





Machinery in the Transvaal Mines 


The purchases of machinery made dur 
ing the year ending June 30, 1907, by the 
lransvaal gold-mining industry were of 
20,883 horse-power, of the value of nearly 
interested 


$6,500,000. Exporters may be 


in knowing the kinds of machinery pur 
‘| 


chased \mong the principal acquisitions 


winding engines valued 


$4.86) ; 


were steam 


£74,942 (£1 


‘ 


steam engines and 


compressors, £52,734; electric generat 
and engines, $48,890; belt conveyers 
elevators, £26,334; reduction plant, £57 
979; and treatment plant, £60,405. Othe: 


items were steel headgear, mechanical ex 
belt Altogeth 

the capacity of machinery and 
plant 
and allied concerns at the end of the of 


Cavators, conveyers, efc. 
the 
erected in Transvaal gold mines 
ficial year attained the respectable figure 
of 314,457 horse power, of an aggregate 


value of £21,.242,842 
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High-speed Steel Formed Milling Cutters 


Are Shaped by a Former-controlled Cutter, Heated in a Special 
Furnace, Revolved in an Air-blast, Ground and Give Long Service 





BY D 


Although the system of manufacture 
of milling cutters detailed in this paper 
is suitable for general application, it has 
been developed more particularly to meet 
the difficulties of extending the use of 
high-speed steel to milling cutters o1 
complicated shape, required when cutting 
to give an accurate finish and a good 
surface It is believed that these dif 
culties have been commonly met with, 
ind that owing to them the general in 
troduction of high-speed steels of the 
faylor-White class has, so far, generally 
proved of less benefit to engineers for 
milling cutters than for any other form 
of cutting tool used in engineering 
workshops 

Perhaps the advantages to be obtained 
by the use of high-speed steels for such 
cutters are also not so obvious as they 
ire for the heavy lathe or planer tools, 
where the almost red-hot chips, that they 
an be made to produce, appeal to the 
least observant onlooker. When, how- 
ever, it is considered that this class of 
steel not only has the property of keep 
ing a cutting edge for a reasonable time 
when taking very heavy cuts at a pre 
viously unattainable speed, but also keeps 
its cutting edge when used with a mod- 
rate cut and speed for a far longer 
period than was previously obtainable, its 
dyantages, if applicable to complicated 
nilling cutters, are clearly just as great 
s for the simpler tools taking the heavy 
uts For, although the nature of the 








FIG. 2. HARDENING FURNACE 


upon which the cut is taken and the 
sh required from the cut may not al- 
w, in the case of the milling cutter, any 
at increase of speed or feed by the use 


“Abstract of a paper presented to the 
titution of Mechanical Engineers 
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of high-speed steel, and consequently lit being paid to the application of these 
tle direct saving upon the time occupied steels to milling cutters in general en- 
in doing the work, as in the cases of the gineering workshops than to other cutting 
other classes of tools, yet an equally im- tools. For in these, with the exception of 
portant saving is effected upon the cost a few simple cutters generally useful for 
of supply of the tools themselves. The roughing out or for finishing simple pro- 


Front View Side View 
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FIG I HARDENING FURNACE FOR CUTTERS OF HIGH-SPEED STEEI 


milling cutter is the most expensive of all files likely to recur, it has perhaps gen- 


the tools used by engineers in cutting erally been more economical to make the 
metals. In the simplest milling cutter the cutters from ordinary qualities of tool 
cost of workmanship so largely exceeds steel, or even in some cases from case- 
the cost of material that a moderate in- hardened mild steel; hence the prepara- 
crease of life obtained by improvements tion of an elaborate milling cutter from 


} 


in the raw material far outweighs a con high-speed steel has not received quite 

















AND PYROMETER Fle 2 ATI OLIN ARLI 


siderable increase in its original cost, the same general attention as the prepar- 
provided that there is sufficient work in ation of other cutting tools of maximum 
sight for the cutter to instre its being endurance: 

fully employed for its maximum possible The case, however, is different in a 
life. Perhaps it is this ruling condition mumber of workshops where the inter- 
1 


which has led to somewhat less attention changeable parts of many classes of ap- 
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paratus and fittings depend very largely 
the formed milling cutters, 


where the 


use of 


accuracy of the work so 


upon 
and 
produced is directly dependent upon the 
accuracy with which the form of the cut- 
be maintained for a prolonged 
It is desirable also that the cut- 


ter 
period. 
ters should have as long a life as possible 
in actual service not only to minimize the 
first cost and upkeep, but also to keep the 


can 


the machines as continuous as 
from de- 


output of 
possible, by reason of freedom 
lays in changing the cutters. These points 
depend chiefly upon: 

The quality of steel from which they 


are made. 


The method of hardening adopted. 
The care and accuracy with which the 
new cutters are made 


The facility and correctness with which 
the cutters can be ground up when they 
have become dull or lost their accuracy. 


THE Steet USeEp 


There is, of course, nothing to compare 
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high-speed steel are satisfactorily an- 
nealed by the makers, but it is not the 
universal Annealing in this 


manner is found to give thoroughly satis- 


practice. 


factory results 


MetHop OF HARDENING 


[he furnace used for hardening cutteis 


is shown in Figs. 1 and 2, and it has been 
found specially adapted for obtaining a 
soaking heat, together with the high tem- 
perature necessary in treating this class 
of steel and freedom from oxidation. The 
and has a forced 


up to 2300 


furnace is coke-fired 
draft, 


erees 


and de- 
Fahrenheit can be obtained. 

In using the the cutters are 
packed closely in powdered charcoal in 
sheet steel boxes about 6 by 6 by 3 inches. 
These boxes take from 2% to 3 hours to 
reach the hardening temper- 
ature, the time taken varying with the 
weight of metal to be heated. The hard- 
somewhat ac- 


temperatures 


furnace 


necessary 


cning temperature varies 


cording to the class of steel being used, 
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placed, causing the whole arrangement to 
rotate and thus equalizing the cooling and 
hardening effect. The air delivered upon 
the cutter is drawn from an old culvert 
which passes under the floor of the work- 
shop and through which a stream of 
water continually flows; hence at all times 
of the year a supply of cold damp air of 
maximum cooling effect is available. The 
temperatures used in hardening are such 
that the edges of the cutters are almost 
fused, and although different makes of 
steel have been found to vary somewhat 
in this respect, the general statement re- 
mains true of all of them. At the same 
time it is found that this fusing effect 
for a given heat is considerably minim- 
ized by the method of heating in closed 
boxes as compared with the ordinary 
method of heating tools, either in a muf- 
fle or in a direct gas flame, and even the 
scaling, which, with the latter systems is 
frequently marked, is, with the 
method now described so slight that the 
be wholly freed from scale 


very 


cutters can 





























FIG. 4 MILLING FORMED CUTTERS OF HIGH-SPEED STEEL WITH A 
with recently de veloped high speed but may be said to be between 2000 and 
steels as a material for cutters which are 2100 degrees Fahrenheit The exact 


required to work at a high cutting speed 


and have the maximum possible life; and 


no difficulty is now experienced in ob 


taining work with a sufficiently satisfac 
tory finish, provided care is exercised in 
the 
the 
also if the cutting speeds and feeds are 
Any of the best known 
makes of this class of steel can be used 


the 


grinding and finish of the cutters, in 
manner which will be described, and 


suitably arranged 


in conjunction with system to be 
described 

Che milling cutters are annealed, packed 
in spent powdered charcoal and steel turn 
ings in cast-iron pans with covers wuich 
These are placed in the 


are luted down. 


annealing furnace first thing in a morn- 
gradually heated up to 700 


this heat is 


ing and are 


to 750 degrees Centigrade; 
main- 
tained the 
dampers are closed and the furnace is al 
lowed to cool gradually for forty-eight 


hours. It is that 


usually reached by 1 o'clock and ts 


until about 5 o’clock, when 


found some makes of 


temperature necessary for satisfactorily 


hardening any particular class of steel is 


previously determined in the laboratory 
by exact experimerfts, and the tempe- 
atures obtained in the furnace are checked 


by means of a Fery radiation pyrometer, 
This pyrometer is 
standardized Cal 
far been 


also shown in Fig. 2 
itself tested against a 
lendar pvrometer, and has so 
found to give extremely reliable results. 


The cutters when sufficiently heated are 


quickly removed from the charcoal in 
which they have been packed, and are at 
once placed upon the hardening table 


shown in Fig. 3. This table is of a type 
frequently used in workshops for heating 
used for harden- 


supplied through 


tools by gas, but when 
ing cutters, air only is 
the two nozzles. These can be moved as 
required about vertical pivots so as to 
cause the air-blast to impinge upon the 
periphery of the cutters at any required 
points and simultaneously upon the vanes 


of the spindle upon which the cutter is 


SPECI 


\L MACHIINI FIG. 5 


piacing momentarily under a revolving 


scratch brush. 

\ll difficulties as regards the expansio1 
of the hole through the cutters in hard 
ening are met initially, leaving the bor: 


smaller than is 
the about 
less than the finished diameter; the ex 
pansion is usually about 0.003 to 0.005 
inch, the average diameter of the man 
drel being 1 inch. After hardening, the 
milling cutters are first chucked truly with 
the outside diameter in a self-centering 
chuck, and the internal bore is ground up 
truly to the finished diameter. After this 
cutters chucked upon 
mandrels and the teeth are finished upor 
the special machines to be described. 


slightly ultimately re 


quired—on average 0.01 inch 


the hardened are 


FoRMING Cutrer TEETH 
Accuracy of form of the cutters is se 
cured, both when being cut in the first 
place and also subsequently reformed, b: 
turning the blanks and milling out th: 
teeth in the ordinary manner, and the: 
backing them off in the machine show: 
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in Figs. 4 to 7. In this machine the cut- 
ter to be formed is carried on a dividing 
head, so that one tooth at a time can be 
presented to the small milling cutter a, 
Fig. 4.° This is mounted upon the cutter 
spindle b a pulley c, from 
which catgut cord runs through an over- 
head gear, allowing the spindle to be 
moved within the necessary limits. The 
small cutter spindle-frame forms part of 


driven by 


a system of adjustable pantograph links, 
so that its movement is an exact 


duction in miniature of the movement of 


repro- 


the tracing pin upon the former d fixed 
The 
moves the pin 
conse 


in front of the machine operator, 


by means of the handle e, 
f lightly along the former, and 


quently also moves the cutter over the 
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that a clean cut can be taken with the 
sides as well as with the tops of the 
teeth 

In the case of those milling cutters in 
which grinding back the faces of the 
teeth so backed off might cause serious 
inaccuracy, Owing to its throwing back 


the radial cutting edges of the teeth, the 
built sections 
either 


annular 
together or 


cutters are up of 


which are clutched 
clamped together upon plain faces, from 
which, after a particular grinding or 
series of grinding operations, the same 
amount is ground off as that by which the 
radial Where 
the edges of the teeth are parallel or nearly 
the the the 


of course, not appreciably af 


cutting edge has receded 


parallel to axis of cutter, 


protile 1s, 


moved backward and forward along the 
axis of the cutter being backed off, the 
helical teeth are maintained in correct 


backing-off cutter; while at 
they are backed off to the 
rheoretically, of course, 


relation to th 
the same tink 
correct protile 
in such cases the axis of the cutter being 
operated upon to the 
axis of the backing-off cutter spindle at 
in angle equal to that of the spiral of 
the cutter being produced, but in actual 


could be inclined 


practice it is found that this adjustment 
is very as the 
angle of the backing-off cutter, and also 


seldom necessary, cone 


the amount of material which can be re- 
moved from the cutting edge of the cut- 
both, 


ter being produced, are compara 


tively speaking, small 
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MILLING 


FORMED CUTTERS WITH SPIRAL 


TEETH 
































tops of the teeth to a similar but smaller 
shape. The small cutter is enlarged in 
diameter toward one end, so that it cuts 
iway the back of each tooth upon the cut- 
ter to the Commonly 

conical backing-off cutter is used, the 
ingle of the cone being 20 degrees and 
the setting being such as to give an angle 
f relief of 10 degrees, that is, the axis 
f the cone is at right angles to the radial 
face of the tooth being backed off. It 
will be that this characteristic 
nables the machine to produce teeth of 
a cutter backed off in 
every direction from the cutting edge, so 


necessary extent 


seen 


iny form, upon 





*RINDING 





HIGH 


FORMED CUTTERS OF 


fected by grinding back the faces of the 
teeth. A further means of avoiding such 
errors is also to be found in grinding the 
tops of the the 
quently described 

As it 


to obtain a fine finish, to use helical teeth 


teeth in manner subse- 


is found advantageous, in order 


upon milling cutters, a fitting consisting of 
a sleeve with spiral slot, see Figs. 6 and 
7, can be mounted on the same spindle 
as the milling cutter. A pin on a hinged 
arm centered above the backing-off cut- 
ter spindle is arranged to slide in the slot 
in this sleeve so that, as the frame carry- 


ing the copy and the cutter spindle is 


SPEED STEEI 


FIG. 9 


(his machine has thus been found not 
nly capable of backing off satisfactorily 
cutters of a shape which could not be 
backed off along the whole length of their 
profile in an ordinary relieving lathe in 
one operation, but it has been found pos- 
sible to do off in, approx- 
imately, one-third of the time required on 

relieving lathe, while at the same time 

less expensive class of labor may be 
and the finish of the teeth is 


better 


the backing 


employed, 
found to be 
GRINDING CUTTERS 


8 and 9 show the machine used 


Figs 








pening the cutting edges of the 
| milling cutters and s juentl 
ling ej face or edge . 
time tim 
IS 1 1 grinding wheel 
t pol undle spende na 


of a former, the profile of which 
same magnitude as the one to 

ni In an ordinary way this for- 

ild not have the exact outline of 

pe desired on the finished cutter, 
rections having to be applied for the 
eters of the tracing roller and also 
nding wheel, the latter item be 

irse, itself variable This dif 

reome by using grinding 
pecial fast-cutting artificial 

will perform a considerable 

seful work be fore being ap- 

ably reduced in. diameter. nd by 


making the diameter of the tracing roller 


i the diameter of the grinding 
wl there is in addition, of course, ar 
tment tor raising or lowering th 


ling cutter being ground is, as 


1 ed upol l dividing head in 


4 straight cutters, or upon 
ling head provided with helical sleeve 
ddition in the case of helical teeth 
ind all the teeth are first ground 

tops to profile and afterward in 
anner down their faces, the 
wheel being, of course, set over 
to the angle of the spiral. The cutter 
nished has edges both of the max 
enness and also of the maximum 
ndurance due to correctly hardened 
igh-speed steel, as only the thin skin 
Dp rtiall oxidized In heating before hard 
“ 1S removed 
Hitherto the apparatus emploved upon 
rpening profile cutters for milling ma 
chit In repetition work, stich as is pro 
duced in small arms factories and else 


where, has required the handling and at 


tention nen with considerable training 
ul ill, lable to error and consequently 
W id t void it The provisio1 t 
those des 
es an unskilled 1 regrind 
cutters brought to hi with 
rl ipidi and tl mini 1 
B lardi 
te 1 tl 
) | ~ 
+ 4} 
? 4 
r’ 
' e] + 
’ + rey di 1 
f e the teeth of mill 
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ing 0.00 


addi 


th has 


is Denelhcl 1 eltect s remo 
| th} 
inch from the face, and with this 
t1ona idvantage that whel 1 too 
been ground to its tullest extent trom the 
] +} 1 | 
ce it Cal ve Turthne!’ irpe a ¢ 
top while Stl taining 1ts < rect 
intil the tooth 1s 1 rt th 
1] +] , ] ro 
allowli?e 11¢ necessar’ry Cit 1¢ 


this consideration will in many 


lengthen the life of a cutter 
cent 


‘the life of some milling 


cutter 


Ss pr 


pared by the methods indicated above has 


been extraordinary; for example, a cui 


ter working in a self-acting cross-milling 


machine and operating upon 
of the service rifle at an ave 


speed of 69 fect per minute, 


of 134 inches per minute and 


0.08 inch, and taking a cut of 


width of 1 11/16 inch and 


produced, at the time 





170 Odes nad 1 tl FOO; 
fas mal 1OT¢ his pa 
] beet ros 
en e time | npos 

»>1 \\ ) Ss 1 
' , 


| I 
| \\ ‘ ; ite 
{ os f the ¢ p 
1] ‘ ated , 
Vill Vi \\ ‘ p 


} 
the 


rage ¢ 


bodi 5 


“utting 


with a feed 
a depth of 


an averaze 


¢ inch 


( 


few 
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ition « 
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> | 
furthe 
nT 
I 
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long, 


ritinz, 
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Drop Forging on the Pacific 
Coast 


By Hoitpen A. Evans* 


he Pacific coast offers a good feld for 
well equipped die-sinking and _ drop- 
forging establishment At the present 
time the only plant of this kind is in the 
construction department at the Mare 
Island navy yard. In this department 
there is sufficient work to keep four die 
sinkers and one drop forger constantly 
employed. Their work has greatly re- 
duced the manufacturing costs of forg- 
ings. The die and forge shops were put 
in operation about three years ago. The 
die room is located in the machine shop 
and the forge room in an annex to the 
blacksmith shop. 


In the die room there are two die-sink- 





SHOP, MARE ISLAND NAVY YARD 


ing machines, two lathes, two shapers, a 
drill press, a die-slotting machine, a sur 
face grinder and the usual small tools and 
work benches \ heavy horizontal mill 
ing machine 1s to he added to the equip 
ment The planer work is done in the 

hine shop adjacent The half-tone il 
lustration, Fig. 1, shows the arrangement 


f the tools in the die room In the 


p { or root! there are: (Jne 1200 
pound hammer, one 2400-pound hammer 
vo trimmi presses, one forging fu 

nd one furnace for tempering di 

By standardizing ship fittings and mant 

9 em in q tities for stock t 
( l as eded, the cost of this class 
f work has been greatly reduced. Be 


fore the establishment of the drop-forge 
plant all such fittings were inade as 


few at a time, by hand in the 


Mare Island navy yard 
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High-class die steel are 
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t for the reason that 
stands up better under the 


pen-hearth steel 


o 0.00 Cc rbon « tent For ordin 


he illustration 
f the impression makes 
no difference; the fittings are 
tvp« that absolutely accurate 
(within a few thousandths of 
not required 
\bservations were made of the 


thousand or more forgings 





FITTINGS 




















60 per cent. carbon 


NGS 

‘ was found that 

: id sunk 
f 0.004 inch; but the 

pt i 

ys 
Ip) ll ~ 

i ‘ cl 
ne 
| | pain 


give i varnished sur 


jInroof hut 


the matting and 


rT , ‘ 
vy ‘ 





Need of Care in Using Cyanide 


6 » \ \ 

{ ¢ 
I rac pur] i ) t 
le count Al \ 1 p ) bly 
<cnov il wa iething of its 
pois few, I think, reall 
preciate all of its dangerous qualities 

| 8 y s I have een identi 
ed wit rge plant where v« halt 
tor cyan of potassium is used ch 
vear and during that time have seen some 
very bad accidents due to carelessness in 
handling t tuff. Familiaritv breeds 

item] | se who ‘ ‘ stantly 
et « le r incitt t danget 
I] the g caugni 

SOME ( t 1esso I istry 
cidentally tasted of a solution of cya 
nicl f potassium during a lecture betore 

clas 1 ug but a tew drops passed 
his lips, | nearly died right where he 


stood 

I wish to call attention to the fact that 
the water into which pieces of work that 
are heated in cyanide are dipped, becomes 


e nothing less than a solu 


in a short tin 
tion of cyanide of potassium, and ts just 
dangerous to life as the stuff the pro 
fessor tasted 
I have also seen men get terribly burned 
hecause of carelessness in handling cvanide, 
as the least bit of moisture on the piece 


to be hardened, on the frame or .wire 
cage into which small pieces are put, or 
m the hook by which the frame its sus- 
pended, causes the molten cyanide to sput 
ter and fly like red-hot bullets; and it is 
nearly as dangerous, destroving the sight 
if it gets in the eye 

I wish to caution cyanide hardeners 
against wearing low shoes or neglecting 
o button or lace high shoes. One of the 
vorst burns I ever saw was due to just 
this carelessness \ little dampness on 
the piece being put into the pot caused 

bad sputtering yf the cyanide, a large 


spatter of which dropped into the open 


front of tl hardener’s wunlaced shoe, 


urning his « e instep clear to the bon 
most |] | inn The subs 
: ised by the poisor 
t ‘ l ] ilted i los 
i 
‘ ] f ] 7 ‘ 
) ? | 
t ( 
11 the 
ped 
t I pla 4 
ugly 
lool ) 1 till it 
| in a nd 4 jt hes 


1SI1 im weel f intense suffer 


t remedy for cvanide burns that 
[ know e qual parts of linseed oil 





A Gage for Use in Producing Accurate 
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Tapers 


Measuring Tapers or Establishing Their Proportions by 
Adjustable Jaws Set by a Pair of Disks 


a Gage with 





B Y 


It has been customary, and | have no 
doubt it 1s so at present to a great ex 
tent in machine-tool shops, to produce a 


et of standard tapers to be used in con 
their 


standard 


nection with line of manufacture 


Chese taper gages are carefully 


kept in the company’s safe, and are used 


for reference Another set of gages, 


only. 
an exact copy of the first set, is then made 
this 


casionally compared with the first. 


set is Oc- 
This 


always appeared to me very 


for shop se, and S¢ cond 


method has 


> 


the 


en —- 


matter to accurately measure diam 
ters of the two disks, and also to ac- 
curately measure the distance these disks 
that 


accurately and 


ire apart. It will readily be seen 
three 


positively determine the taper represented 


these dimensions 
by the straight-edges touching the rolls. 
If now a proper record is made of these 
that 
reproduced, and 


three dimensions it is very evident 
Call be 
the 


ol herewith 


these conditions 


which underlies 


illustrated 


short idea 


of the t 


this is in 


the use 


U T Z 


shipped, illustrating the 
case with which could be repr 
duced by means of the tool described. 
The following formulas may be of ser- 
this 


plug previously 
tapers 


vice in connection with a gage of 


character: 
CENTER DISTANCE BETWEEN 
Disks 


To FInpb 


Suppose we have two disks as shown 1 
whose diameters are respectively 
We wish to construct 


Fig. 2, 


144 and 1 inch. 








re, 







ee ———- - 














overcome it the tool 


illustrated in Fig. 1 was designed and 


made som vei 
lt is very evident that if two round 


disks of unequal diameter are placed on 


a surface plat certain distance apart, 


two straight-edges touching these two 


taper. It 
is also evident that with the measuring 


disks will represent a_ certain 


instruments now in use it is a very simple 


*Copyrighted, 
Company 


1908 Ww Hill Publishing 


TAPER GAGE 





WITH ADJUSTABLI AWS 


ago | had occasion to make 


Some years ago | 


special taper plug which was sent to 
r th 


ne of T facturers of arms in 


Russia. On the plug being received the 


management of the factory requested that 


to fit th for- 


plug be 
the t 0] 


trated the plug was reproduced from the 


i female gage 


warded On the pl in of illus- 


dimensions noted at the time A second 


plug was made, the female gage was pro- 


On the female gage 


with the 


luced and shipped 


received, it fitted perfect]; 


being 











AND SETTING DISKS 


to the foot and must deter 


the center distance ] between disk 


taper of M4 
mine 
in order that the gage jaws when touch 
ing both disks shall give that taper. 

Let R radius of large disk, or 0.625 incl 
radius of small disk, or 0.500 inck 
taper per inch on side, or 

0.750 

24 


= 0,03125 inch. 


Then 
R - 


7 Vit+e?= 
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= 
Taper p 
FIG 
eee AAA, 
t e R 
FIG. 4 
R 
ima 
FIG 
To find Center Distance (1), refer to Fig. 2. 
R—r 
i= \ I + fa 


To find Disk Diameters, reter to Fig. 3 


— ; [yt ry? + (6 a) | 
Dia. Small Disk = 2¢r 
4 
Dia. Large Disk = 2R 


To find Taper 


; ( R , 
i, = 
WY l*—(R =) 


er Foot (T), reter to Fig. 4 


Jo find Width of Opening al / nds, reter to Fig. 5. 


, aaa NG Tee) ] 


Width of Opening at Small End = 2a. 


i 
R 
, , =o 


Width of opening at Large End = 2 6. 


r)* ba NG i? acy) I 




















To find ( 


R , 


Sin 0 


Zo find Di 


in which 8 


Dia. Small Disk = 


Dia. Large Disk 


To pnd Taper Per Foot 


7 = 24 (fan 9), 


R r 


ntey 


in which 0 


the taper per inch ona 


k Diameters, 


at. 
2 k. 


Distance (1), vr 


rete! 


Ce 


ice 


0 


the angle whose tangent 


in which 6 = the angle 


to Fig, 7 


fer to ig, 6. 


j 
rT é, 


/ 


b 


/), reter to Fig. 8. 


whose sine 


To pind Width of Opening at /nds, refer to Fig. 


a=rtan 15 


in which @ 


3] 


2)" 


the angle whose sine 


Opening at Small End = 2a 


Opening at Large End = 26. 








R 


b= RP /an | 45 + 


r 


0 


7 





the angle whose tangent 


a 


) 


S 


1— Si” 0), 

















FORMULAS 
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CONNECTION 





WITH 





TAPER GAGE, 
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——- \ 1.000976 = 4 X 1.0005 = 4.002 
inches 
To Finp Disk DIAMETERS 


Suppose the gage jaws are to be set 
is in Fig. 3 for a three-inch per foot taper 
whose length is to be four inches. The 


4 inch and thx 


small end is to be exactly ! 
: large end for this taper will, therefore, 
be 1% inches. What diameter must the 
lisks be made so that when the jaws are 
n contact with them and the distance L 
ver the disks measures 4 inches, the 
taper will be exactly three inches pet 
foot? Here a represents ™% the width 
f opening at the small end, and Db one 
lf the width of opening at the large 
nd. The radius of the small disk ma 
found by the formula: 


y= * \ L* + (6 —a)* + (6+a){ 


L 
Chen 
O 25) = 7 
Y= ; \ 16 + 0.25 +0.5 


= 0.0625 (4.0311 + 0.5 ) = 0.2832 


Diameter small disk 0.2832 incl 2 


8) 5004 Pal } 


r the | c 
b {| 
r ( 
4A / + ( - )4 >— a) 
Zz IN \ 
e] 
, 0.75 - 
R= — | 16 + 0.25 0.5 | 
4 \ 
0.1875 (4.0311 — 0.5) = 0.5621 
Diametet lis 0.6621 2 
242 11 
fo kinp Taper P1 0 
pil g ) e gag Vs 
be set tne l le | ) pl uy 
een th Ws pat dis ~ \ ‘ 
eters are know1 the taper pel t 
be readily found. [Tor example, th 


in Fig. 4 are set to a certain mode! 


disks 0.9 and 1.1 inch diameter are 
ed between them and_ th distance 
r the disks measured, from which di 
nsions | (which is 3.5 inches) 1s 
] 
i 


dily found by subtracting halt tl 
meters of the disks. Here /] represents 
center distance as in Fig. 2. To de 
rmine the taper per foot which may be 
presented by 7, the formula is 


ai R—r ' 
r=, (R—r? | 


Chen 
O,I O,T 
a (5 12.25 —0.01 —— | 3.4985 
= 0.684 
aper per foot = 0.684 inch 
Finp Wiptu oF OPENING aT ENDS 


f, with the ends of the gage jaws flush 





h a line tangent to the disk peripheries 





in Fig. 5, we wish to find the width 





diameter 


of t 


where / lf the width 
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of the opening at the small end where a 
me-half that width, the fol- 
formula may be of service, the 


as in the last example 0.9 and 


center distance 3.5 inches 


{ rf || 
i=? 
\¥ 2—(k-ry NV e 
Chen 
( 3-5 
a=o 4§ . 
{Y 12.24 


0.45 [1.00043 \ 0.00086 } 0.45 (1.00043 — 0.0293) = 0 437. 


437 incl 2 0.874 inch width of openin 


the widtl 


ie gage may be found 


en 
( 35 
0=0.55 
(7 12.24 
O 55 | 1.00043 + \ 0 00056 } 
“) 
k eal 
Wey 
y ¢* (* r) 
la 
‘ i 
| 
{ ) 
| MI 
) | e forego 
1g e «lagram 
6 duplicates the conditions in Fig 
is obvious that ¢, the taper pet 
h side (0.03125” ) mm 
w nd t be I 1/ 20 
. ter lictay tha ’ ll . 
cents ail ines ( I HOoOwWwImng 
he ( 
R , 
in 
sin. 4 
0.625 — 0.5 0.125 


= = 4.002 


sin. 1° 47' 20" 0.03123 


i } 4 } 

e conditior rf rroblem 
ron nly here and 
in mometry in de 
e di f the two disks 
veadily found as the tangent 


uw" 


ybvir yusly equal 


— 50 ! 
ré spectively, and the 0.125 = fan. / 5". 


N ( sy -_ j 


at small end of gage 


pening at the 
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WiptH oF OPENING with wo ind worm-wheel; Fig. 4, a1 it entering the hole before slotting so that 
: nd view of the hole to be slotted, and when renewing tools it will be necessary 
Considering now the case in Fig. 9, ; ; eis ag EY 7 . 
tien on tn Cle & it te Gece to tal lig. 5, the too with enlarged sections to make only finishing tools ; 
“peter & Paine: a ‘2 [he part carrying the work and attached lhe bracket L secured in the throat of 
the width of opening in the gage at a . 7 : ; : : ; : 
» dentate ten ie enieieiiion of th » the table consists of th bracket A with the machine by the screws M, is carried 
Z “ reign e I ak Se ala a ] cap B, the worm-wheel C which also acts forward under the bracket A to form the 
ee ee ee ee “as the chuck for holding the work, tl hottom guide for the tool J, the top guide 
an. (45° — 6 split bush D (in two parts of which is adjustable on and secured to L by the 
. eral are necessary to accommodate screw O, so that it can be raised to provide 
rom the data of the problem we easily irying outside diameters of the various for any piece of work longer than F, as 
R—vr_ pieces to be slotted) and the worm | he length varies from 0.75 to 1.75 inches 
nd the angle 6; for siz, @ = 25 which actuates the worm-wheel C and is in length. The guides are provided with 
0.0285 sin. 1° 38 as in the preceding provided with a square to suit the handle the bushes P P secured by the screws RR, 
ncdiiinan mn the machine it is proposed t 5 and which can easily be changed to suit 
9 Che work F is secured in the worm-wheel the various sizes of the tools 
\pplying formula, a =r fan. \45 2 } chuck C by the two slotted screws GG It is advisable to have a leather washer 
have . ecess to which is obtained through the tool between the bottom of the 
0.435 (ta 14° 11’) 0.45 (097189 
0.437 | 
1.437 inch 2 = 0.874 inch width of ope: 
ing at small end of gage 
ky 
lo find dimension b, Fig. 9, ¥ 
metry we use the formula — i Slottiug Ma 
K i 
b R tan. (ase +-— Screw J Fr 
0.55 (tan 45 49 ) 0.55 (1.028)2 scsi J - ~ 
= 0.566. K N —— 
0.506 inch 2 1.132 inches width of} Be: 4 [=| = / 
ve opening at large end | LW VU 
‘ M 
org iad: 
A Slotting Attachment for Small Eee 
Holes = Dr be bi 
—— J J 
By GeorGE BILHA —_ I ee : FIG. 4 
phat 0 ™ = i LA 
e accompanying sketcl ill =~ A mar — lial SIO | - 
irrangement f slotting small D ' ‘ —- | , 
iped holes 1 article shown at F1 Uj M FIG. 5 
which 1s of s ength in proportio OJ \- 
the diameter that a tool of the comm f | 
p d of cient strength to take ms >) 
rallel yf reasonable depth cannot b So 
ed, thus necessitating the taking of many (OC) y kes 
cuts and the consequent production ot Qj oJ 
st infinitesimal shavings in_ large aa ‘ 
quantities, and even then leaving the hole | 
slightly tapered and requiring further ad J FIG. < 
justment with file and scraper to insure SLOTTING ATTACHMENT FOR SMALL HOLES 
good fit. Then too, the material is of 
uch a nature that it cannot be broached cap B at H / [he worm-wheel is made work and the guide to prevent the chips 
in the ordinary way, it being a steel which 4 good fit in the bracket between the faces scoring the tool or guide bush. 
drags on the application of a cut of any qa and is lubricated at the top face by th [his attachment, it will readily be seen, 


width such as is taken by a broach 


L2Troove 
\s these articles are constantly in cours« holes 

f manufacture the attachment shown has _ should 

wen designed to bring the time for per plan w 


these 


Se ¢ 


the of 
holes to within reasonable limits 


forming operation slotting 

and 
an average saving of 33 per cent 
th 


In F 
with th 
ing that 
ind as several 


( xpected, ere 


the machine, 


s bb and the bottom face by the 
through the wheel at cc, which 
be brought into line as shown in 


ith the grooves in the bracket A. 

ig. I is shown the tool J in position 
e tool-bar K attached to the ram of 
the front part of the tool-bar 


are ar ; of the section shown at K /, the groove 

ticles in course of manufacture which have cut at front of large hol allowing the tool 
similar hole, the outlay necessary would be changed while the bar is bolted to 
ppear to be justified the ram [wo tools are necessary for 
he sketches show the gear attached each size of hole, one for roughing and one 
the machine; Fig. 1 is an elevation with for finishing similar in shape to section in 
the necessary parts of the machine; Fig. 2, Fig. 5, though by the time the first rough 


1 
I 


1 plan less t 


Fig 


parts of machine and tool 
section the bracket 


i¢ Ing too 


3, a through will be 


lis worn out the first 0] 


finishing t 
worn down sufficiently to allow of 


provides for a continuous circular motion 
for the work and at the same time a guide 
for the tool, the ordinary slides of the ma 
chine providing for movements in other 
directions. 


No one can have followed agricultural 
machine manufacture in Germany for the 
past 10 years and doubt that improvement 
has been steady and substantial, and that 


the 


early as possible, to supply the home trade 


German manufacturer proposes, as 


in all its branches and to have his shar: 
in the trade of other countries. From 
now on it will be more and more a ques 


tion of the best possible product 
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Cat Head for Connecting-rod 
Ends 


By L. E. Satmon 


The style of cat head illustrated in Fig. 
is used almost exclusively on connect- 
ng-rods for cutting out the large holes in 
id end rods in which the brass bush- 
ngs are forced, such a rod being shown 
1 Fig. 3. A is the hole in the rod; B 
s the piece removed, which very often 
ymes in handy on other jobs, such as the 
aking of bushings, expansion arbors, etc. 
Although the general design of the head 
n be readily seen from the drawing, a 


Secure her 
vith 2. %"x 11 


Set Screws 


ool Only 


z 





FIG. I. CAT HEAD FOR CONNECTING 


Set Center Tool 3¢° In 
.. advanced as shown . 
¥ 





x } 

yr 36 Shims, 12 to a Tool 
on = | Prom ! yy te 4 Thick 
, - 


Inside Too' 


Center To 


Outatdk 











y UL 


Hizh speed Steel 





Section through Cut 


2. TOOLS, SHIMS AND SECTION OF CUT 


v words of description will not be out 
place. The body of the tool is a mild 
el forging finished all over by being 
st strapped on the face plate of a lathe, 
2-inch hole bored through the center, 
| one side faced up and finished on an 
or; then a 1'%4-inch hole is drilled in 
end of each of the rectangular holes 
a start for the slotter, where it goes 
<t to have the holes slotted, the outsides 
nmed and the hole splined for the 
It is then drilled, counterbored and 
ed for the set-screws, as shown, these 
screws being made of tool steel and 
pered. The shank is next made, 
ned and fitted to drive lightly, being 
securely in place by the two keys 
two set-screws, as shown, thus mak- 
a most rigid and efficient tool. 
he pilot or guide D is in this case a 
reamer, or, as commonly called in a 
motive shop, a bur reamer; it is prob 
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ably so called because some of the old 
styles have a bur on the end of the hole 
when they go through. 

The object of making the pilot in this 


every hole without taking any special care 
when the hole 
of the reamer is anywhere from 1% 


has a good firm bearing by the time that 
tools bégin to cut. As will be noticed, 


it is screwed into the shank with 


move it to be ground or replaced in case 
of breaking, etc 
The slots marked “inside tool only” and 











at an angle with the 
center line; this is done to give these two 


sides of the cut without weakening them 
grinding the clearance 
a great time saver when it is considered 
grinding only 
the top face and nose, being left in every 
other respect as they come from the 


are simply pieces 8 inches long cut off a 
bar of 34x1'4-inch high-speed steel and 


The little shaping required is 
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takes but a few minutes; they are thus 
set to the approximate size by use of 
shims of various thicknesses, as shown in 
Fig. 2. As the hole is reamed afterward, 
the side does not need to be accurate, 
although from 1/32 to 1/16 inch is usually 
left for reaming 

Fig. 2 gives a rough idea of the shapes 
of the tools, and a cross-section of the 
cut made by the tools is also shown below 


the shims. 

These cat heads are used in pairs ona 
two-spindle drill, as in cutting out the 
holes in the parallel rods, both ends being 
done at once in the following manner: 
The rods are first planed, milled, paneled 
and laid out; they then go to the driller, 
who sets the two heads of his machine 
the required distance apart and uses two 
drills 115/16 inch in diameter, with 
which the hole E, Fig. 3, is drilled in each 
end After drilling all the rods of the 
same size, he sets his cat head to size by 
measuring from the outside of the tools 


In this 


to the opposite side of the guide 
case it is the rose bit D, Fig. 1, and he 
deducts 1 inch or half its diameter. These 
heads are then put in the two spindles 
and forced up hard by means of a key 
that fits in the slot in the shank, and 
through a corresponding slot in the spin- 
dle head. This key has a %-inch draw; 
an additional key is used, as shown at 
G, for the drive. After the three tools 
begin to cut, he measures the outside of 
the cut to be sure that it is the required 
size Having satisfied himself on this 
point, he puts the feed on again and 


KO 


B 





AND BLANK REMOVED 


it becomes simply a matter of changing 
rods as fast as they are cut out 

These tools require so little attention 
after they are once set that the operator 
can devote almost his entire time to drill 
ing, cat-heading, or tapping the oil cups 
on another drill press placed alongside 
of his two-spindle machine. When the 
rods have all had the hole cut, they are 
reamed 

I regret that I have no record giving 
time, cost, etc. of these tools and their 
work, but I feel confident that the me 
chanic who reads this will very readily 
see the usefulness, strength and efficiency 
f this kind of a tool 
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Foremanship 
By C. A. Marston 
The foreman of a machine shop 1s the 
man who is held directly responsible for 
the work, the workmen, and everything 


and main 


In order for 


connected with the running 
tenance of his department 

him to obtain the responsible position that 
he holds, he 


qualifications and be 


have the 
able to 


must necessary 


get out the 
work satisfactorily 
lo be a 


dence of the men; 


success he must get the confi- 


must let them feel that 


he is back of them, and will stand by 


them in times of trouble; must not be- 


particular ones, 
all; 
that 


con- 


come intimate with 


} 


any 


uit be friendly and agreeable with 


tell did in this or 


failed, but 


must not what he 


shop when everyone else 


vince his men without unnecessary brag- 


that he 
w them how to get around 


ving that he knows his business, 


1s there to sik 
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grumble at everyone, and get dissatisfied 
with the work or the way it is done. In- 
stead he has a pleasant nod for all; at the 
to tell 
few forceful words, which do 
the 
minutes, 


same time though he knows how 


aman ina 
than all “cussing” he 


in vd 


more 
could give in five what to do and 


how to do it 





Grinding Milling Saws 


By ETHAN VIALL 


It has often been a source of wonder 


to me why some factories grind their 


milling saws in the way they do. Glance 
at the side of almost any saw put out by 
a cutter factory and you will see crescent- 
shaped radial lines running from the hole 
to the teeth, showing at once how the saw 
was ground on the sides ‘after hardening. 
lig. 1 illustrates the general way this is 


done. The cut shows a cylinder wheel, 
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circumference. That is a clearance ot 


0.002 inch on a side. 
the 


One of the best ways to measure 


thickness of a saw while grinding to size 


is to use a micrometer with a_ sliding 
anvil. For instance, you want to grind a 
saw to a thickness of 3/16 of an inch, and 


the thickness of the face-plate to which 


the saw is clamped is less than an inch. 
(If your face-plate isn’t the same thick- 
ness all around make it so, and save 


trouble.) Take an adjustable micrometer 
that will measure 


inches; set it to read naught, pull back the 


from naught to two 
adjustable anvil, put the micrometer over 
the edge of the face-plate, and push in 
the anvil and clamp. Now can read 
direct on the 


you 
the measurements barrel 
in subtracting the 

That is, 
should measure, when measured with its 
own thickness that of the face 
plate, just 0.1875 or 3/16 of an 


are familiar 


without bother 


thickness of the plate 


any 
the saw 
and 
inch 
It is very likely that many 








FIG I 

a dithcult piece of work if occasion 
demands 

Above all things, he must not rush a 

[ knew the foreman of smal ~P 
with about 75 men, who was in a rush 

r every job he would give out; when 
completed they would lie on the floor for 
1 week or so. unto ched lle soon lost 
the confidence of the men, and when he 
really did want a job in a hurt e neve! 
could get itt A workman does not very 
often deliberately kill time on a job. but 


carries it along to completion anxious 1 


get it off his hands. The successful fore 
man who has the confidence and good 
will of his men will need only to say 
that he would like a jol soon as he 
can get it The result will be that he 
will get it as fast as the man can p issibly 
turn it out 


A CO )] headed, peace ful and diplomatic 
good : he 
shop like mad, 


man is the man who makes 


doesn't ru around the 














TWO WAYS OF GRINDING MILLING SAWS 
though a cup or saucer wheel is as often 
sed. Sometimes the saw jig is set above 


or below the center of spindle—the prac- 


tice varies in different shops—while some 

insist that the centers must be at the 
same hight 

lhe fault of this method is the tendency 

glaze and heat. In many cases the 

is enough to draw the temper of the 

saw e long surface of wheel contact 

ses this and, prevents rapid cutting. 

ig. 2 shows what I consider a better 

was \n ordinary disk wheel of rather 


urse grain and free cutting is used. The 


saw 1s fed across the face of the wheel 
I will guarantee to cut four saws to size 
in this way in the same time it takes to 
cut one the other way, and the saws will 
not be uncomfortably warm when finished 
either. The finish is also decidedly better. 
For a saw four inches in diameter and in 
the neighborhood of ™% or 3/16 inch in 


thickness, our practice is to make it 0.004 


inch thinner in the center than at the 





with this method, but I often find 

who are not. This same principle is al 
very convenient on lots of other to 
room work. I have a micrometer tl 


measures from naught to six inches, t 
sliding anvil having a movement of fi, 


inches, which is used almost constant 


in this way on various jobs. 





Based on the period extending from 19 
to 1906 it appears that the annual numl 
of patents in the electrical field in Euro 
An estimate 
made which relates to the number of p 


amounts to about 50900 


ents secured inventors 
5 | 


longing to their respective countries. TI 


each year by 


we have for England and colonies, 7 
Germany, 700; France, 400; Austria, 2 
Italy, 180; Hungary, 130; Switzerla 
120; Belgium, 90; Denmark, 90; Swed 


\ustralia, 35; Norway, 
making a total of 4915 
Ele: trical 


go; Spain, 35; 


Portugal, 15, 


ents taken out annually 


om ae 
cca 
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Shrinkage of Wood Lengthwise 
and Distortion of Steel in 
Hardening 





By E. T. 


STRONG 

[he action of tool steel in the process 
f hardening has come in for considerable 
ttention of late, and to me it is a ques 
ion of increasing interest and instruction, 
or all of the many different opinions and 
bservations which have been recorded 
his knowledge cannot come by close ob 
rvation, and to make it more depend 
ble the toolmaker should also do the 
irdening; but this is not the case nearly 
to be 


often as it ought 


My attention was quite forcibly called 
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that it does not shrink in its length, but 


l am now pri 
or that some woods do 


wooden mounts for electrical instruments 


which have come under my notice that 


show this quite conclusively 


The general plan of thes¢ 


be apparent from the end view, 


which is of a built-up pattern lhere 


are placed on this mount a wooden scale, 
glass plate and copper strip, as indicated; 
n addition there are a number of wires 


stretched taut longitudinally over the glass 


plate and anchored on the wood Chese 


inchors abut 
wires must 


is the glass plates and the 


be a definite lengt! Lhe plates are held 


from any side motion by small tacks on 
each side. The scale and copper strip are 
held by screws about 8 inches apart 


lhese instruments were received fron 








< 1 ! 
i well known scientific-instrument com 
a ae = a "| pany, of England, about the middle of 
rr p_ 0.1088 : the past summet Some weeks ago one 
¥ ¥ 0 3 
’ “a 2 ‘ 
——— 
= 
FIG. I. EXTENSIOMETER SPINDLE ~ < 
< 
— 
’ - 4 } _ 
this matter of hardening distortion re ~ m 
' 1 7 < 
tly owing to having six extensiometer < 
‘ “ A . & = 
ndles to mak« from tool steel \Tter = 
, . — 
ing three, i Was called upon to have ~ 
section 1, big. 1, hardened | his 
tion makes contact with a bar attached Ts) 
the sample on the testing machine and 7 
to be as near one-half an inch in cir 
ference as | could make it Che ratio 
this diameter of the spindle to the 
luated dial was I to 24, so that any 
in uniformity of this diameter was 
pparent when taken from tie cir RI 
rence and multiplied 24 times, as the 
ngs from the dial would show. 
made the remainder the same size as 
] ‘ 
; 
Glass Plate ! 
—— omeenwtn © beds — 
Copper Strij itt 
1 1 
FIG. 2. PLAN OF INSTRUMEN 
three already made. namely, 0.1635 f thes ty ‘rought to me 
and proceeded to harden them, after | pairs re | being that the 
fully checking their diameters. The glass plate was standing up in the middk 
s were heated in a gas flame and = about 1 inches from the board, having 
nched in water, care being taken not seemingly grown in lengtl \n inspection 
irden the small spindle ends. After proved that the wood had shrunk, as the 
nching and polishing the surface with scale and copper strip were both buckled 
us, it was found that all of them between the screws lhe wires were also 
from 0.0002 to 0.0004 inch large in very slack. I had to rem ar chors 
irdened porti mn at one end or the pl 1 ( 3/32 inch 
off of it 1] inki U this might be an 
Woov SHRINKING LENGTHWISs! tenintad case a of watch was kept on 


ropos of this question of shrinkage 
etals, | wish to introduce the one of 
nkage of wood in the direction of its 
th or grain. Such information as I 


received on this matter has been 


the remaining ones of like kind (ten in 
all), and the 


are shrinking in lengt 


result 1s that ll of them 


All parts connected to these mounts are 


such is the 


proving so conclusively that 


pared to prove that it does, 


[here are some 


mounts will 


lig. 2, 


against the ends of the plate, 
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S< t raders if to be pl iced for 
ew mou ‘ } the plac« t the 
present one 

\s these instruments are of a scientific 
nature, it would seem that 1f this phenom 
enon was generally known, the builders 
ould not have used a wood that ts sub 
pen oO su ‘ yes On the other hand, 
if it is known, it would seem t] there 
was gross relessness in the us f such 
material lhe latter does not seem prob 
able as the manufacturers would be recog 
mzed evervwhere, were I to name them, 
s being reliable in every particula 

\re there any who can furnish data on 


this sub 





A Surfacing Broach 


\ novel way ot facing off the under 


ide of a loose jaw for a Bullard wrench 


was devised by their roreman James 


oy 


(isabb ong ag t their shop in 
Kast Providence, R. | The milling i 
1! were ll otf work d though m ¢ 
ere ord d deliveries were slow, so he 
ke f iper 1 way that wi 
e new f lhe piece is show 
t es t faced off on th 
ee ! f the tongu 
HH t ‘ >, which 
1 t d ( in 
i 1 1) listance ip 
, s ready f 
nes 1 1 n top of the 
| n part t c « tel ti pusher ( in 
he t p t t I n comes long ts 
nto th d lds the piece dow 
whilk t 1 Ing p hed ove the teeth 
L he ~ inclined that ne cut 
d e pass of 
the pire \ trok« f the 
ran ce e piece \ nicel It is 
practically the same pushing piece 
into or over a broach in | of pulling a 
broach through the work 


for this 


principle 


[here ought to be other applications 


adaptation of the broaching 
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Boring Bars for Turbine Castings 


By T. M. LowTHIAN 





The building of Parsons turbines re- 
quires some very large machine tools and 
which I shall refer to at a later date, but I 
wish here to call attention, more par- 
ticularly, to boring machines, since one 
of the most important operations in the 
construction of a turbine is that 
of boring, and cutting out the grooves for 
the blades in the turbine casings. The 
machines are mostly of that design which 
carries a long self-acting boring bar ro- 
tated by large worm wheel and worm, 
and the one in question is 9 feet high from 
table top to center line of boring bar, 
which is capable of boring holes up to 17 
feet diameter by 45 feet long. 

[his machine is provided with a boring 
bar 18 inches in diameter and 49 feet 6 
inches long, but it is also arranged to take 
bars of smaller diameter according to the 
size of casing being dealt with. 

Now as the sliding socket which carries 
the various cutter heads is fed along the 
bar by means of a screw of comparatively 
small diameter (extending the full length 
of the bar), it is evident that unless sup- 
ported it would sag considerably as the 


steam 


arta taet 
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bar which besides the feed screw 0 also 
carries a longitudinal shaft s; this shaft 
is for the purpose of feeding the tool out 
radially when cutting the grooves in the 
casing. 

The mechanism for this is carried in 
the cutter head itself and consists of a 
worm carried on the shaft s and gearing 
into a spiral rack cut on an inclined piece 
which is fed along when the shaft is ro- 
tated, the inclined piece acting as a wedge 
and forcing the grooving tool out radially. 

In another form the shaft s carries a 
bush screwed externally, which is threaded 
through an inclined piece and as before, 
the rotation of the shaft feeds the inclined 
piece along with a similar result. 


March 26, 1908. 
s. Fig. § is a side elevation of one of the 
bearings t. These bearings ¢ are adjustable 
along the bar, but as they cannot pass the 
cutter head they must be put in position 
before commencing the boring and groov- 
ing operations. Where this bar rotates in 
stays it is enveloped b ya circular hoop or 
bush large enough in diameter to cover 
the area occupied by the shaft s. 

In the examples illustrated by Figs. 3 
and 4, after one groove has been cut the 
wedge piece is returned to its original 
position, thus allowing the tool to be 
brought back clear of the groove (by 
means of a heavy spiral spring), then the 
cutter head is traversed along the bar by 
means of the feed screw, ready to cut 
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BORING BARS FOR TURBINE CASES 


bar rotates, but this difficulty is overcome 
by fitting adjustable supports to the screw 
as shown in Figs. 1 and 2 representing 
the side and end elevations of a boring 
bar, where a is the bar, > the feed screw, c 
1 gun-metal pad fastened to a sheet steel 
band d 

To each end of band d is riveted a steel 
plate e ¥% inch thick, and a bolt A passing 
through the ends of this band (and their 
respective plates) when tightened up, binds 
the band to the bar and so forms the sup- 
port to the screw. Four of these are fitted 
along this bar. 


Fig. 3 shows the end view of another 


Fig. 3 also shows the means adopted for 
supporting both the screw b and the shaft 
s, but in this case the steel band is in 
halves to facilitate removal when adjust- 
ing its position from one side of the cut- 
ter head to the other. 

In Fig. 4 is another design of bar sim- 
ilar to that in Fig. 3 but in this case to 
save weakening the bar by cutting a sec- 
ond groove along it for the feed shaft s, 
the latter is placed outside the bar and a 
dovetail groove 4% inch deep is planed 
along the bar for the reception of the 
bearings { (which are a sliding fit in the 
groove) and act as supports for the shaft 
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BORING BAR 


out the next groove. The same cycle of 
operations is repeated until all the neces 
sary grooves are cut. 

The longitudinal movement of the cutter 
head along the bar when grooving is 
really a dividing motion, and this is ob- 
tained by means of a dividing plate keyed 
te that end of the screw furthest away 
from the driving headstock. In some 
cases a templet is used to set out the re 
quired pitch of the grooves, the cutter 
head being adjusted along the bar to bring 
the tool opposite each groove cut in the 
templet. By the above means the longi 
tudinal and radial movements necessary 
to the tool when grooving can be got from 
either the inside or outside of the casing, 
the latter, of course, is the most desirable, 
the handles for operating the same being 
placed at the outer end of the bar. 

One firm has a boring machine where 
the driving headstock itself is fed along 
the bed of the machine, the boring bar 
being attached to and rotated by this slid 
ing head. In the case of large bars (24 
inches diameter) they are made of cast 
iron and are made hollow to reduce the 
weight and are sometimes made in sec 
tions bolted together, the number of sec 
tions in use depending, of course, on th« 
length of the work in hand at the time 
being. 

Taking a mild steel-forged bar (als 
used on this machine), and which is illus- 
trated by Figs. 6 and 7, the boring and 
grooving cutter heads can be clamped or 
in any position along the bar. In this de 
sign of bar one or more rectangular slot: 
v are cut lengthwise of the bar, through 
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which slide steel rods w carrying wedge- 
shaped pieces x (one of these is shown 
in plan in Fig. 8), which are arranged to 
be fixed at different positions along the 
rods w. 

The rods w have one end threaded and 
are fed longitudinally by means of star 
wheels y and tappet motion, the longitudi- 
nal motion to the rod and wedge piece 
forcing the tools out radially as already 
described. 

After each cut the 
are moved back by hand to their former 
positions, thus bringing the tools clear 
f the grooves; the driving headstock is 
then fed along the bed a distance equal 
to the position for the next groove, and 
the same cycle of operations gone through 


groove is rods w 


until all grooves are cut. 

The rods w are supported by gun metal 
blocks z, the bar having transverse slots 
cut through it in several places to receive 
same. Having these blocks flush with 
the periphery of the bar enables the bor- 
ing heads to pass over them 





A Machine for Grinding the 
Ends of Springs 





The making of pop safety valves re 
quires that the ends of the springs be 
ground parallel to each other so as to give 
a good bearing on top of the valve seat 
and not cramp the seat as it lifts under the 
pressure of steam. After several experi 
ments with machines for grinding these, 
the M. C. Hammett Company, Troy, N. Y., 
designed and built for its own use the ma 
chine shown. This shop, by the way, is 
on the site of and contains part of the old 
Richardson shop where pop valves had 
their beginning in the earlier days of 
steam engineering. 

The springs are first tempered, then 
taken to the machine and clamped in the 
holder / to hold them firmly. The opera- 
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tor grasps handle H and swings the spring 
between the wheels, which are held in the 
chucks A A. The holder is mounted on 
the swinging frame D; attached to the 
lower end is the weight G, which acts as a 
pendulum and moves the springs in an” 
arc past the faces of the wheels. 

These wheels are mounted in the sub- 
stantial heads BB, each of which has a 
hand wheel connected through bevel gears 
to the thrust blocks CC. The grinding 
spindles have ample bearings in the heads 
RB; but these do not take care of the 
thrust, as the spindle can be moved a 
limited distance through these bearings to 
bring the wheels up to the work. Turning 
the hand wheel to the left brings the thrust 


Ls e(9 - oe ee 


FIG. 2 
HOLDERS 


0 tO! ro 
l I 


TOOL 
block C toward the head and forces the 
wheel toward the work, so that all adjust- 
ing is done without moving the main 
grinding head on the ways by by mov- 
ing the thrust blocks, which are provided 
with special thrust collars to reduce fric- 
tion. 

In practice the wheels are set the re 
quired distance apart, the springs put in 
the holder, swung in between the wheels 
and the ends ground flat and to the right 
length. Several years’ use has proved the 
value of this design, and it is quite pos- 
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sible that a similar machine may be use- 
ful in other lines of work. 


[Toot HoLpers FOR THE TURRET 

This same shop uses for forming and 
turning tools a form of cutting-off tool 
and holders which is not common. Fig. 
2 gives an idea of the general shape, which 
is practically a bar with two ears or pro- 
jections. These are of cast iron and bolt 
against the face of a hexagon turret so 
are held as rigidly as the turret 
2 are used to cut 


that they 
itself. The tools in Fig 
piston rings off the usual long cylinder, 
but it differs from the usual way in hav- 
ing A at work on the inside of the ring 


and B on the outside so that the cuts meet 


” FIG, 3 


THE FACE OF A TURRET 
in the center if they both start at the same 
Any chipping of the corners, as some- 
is entirely 


time. 
times happens when the cut 
from the outside, is avoided. 

Fig. 3 shows another adaptation of this 
form of tool holder. Here one arm has 
been omitted ; in its place is a forming tool 
for ball joints, while the arm at the right 
carries a tool which turns the outside of 
the joint. 

This form of turret tool holder is cheap 
ly made and allows the tools to be held 
firmly in a variety of positions 
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FIG. 3. DOUBLE ENDED GRINDER FOR SAFETY VALVE SPRINGS 
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From Our Readers 


A Round Table Discussing Details of Modern Machine- 
shop and Drawing- office Methods, Practice 


and Economy 





WE 
Making Metallic Packing 


Fig. 4 shows a forming lathe arranged 
for making metallic packing. The 
is fastened to the forming slide and sup- 
ports the undercut tool C and the block 
B which holds the cutting-off tools. The 


tool dD which is 


base A 


boring is done with the 





a 
J fr Sg A 
FIG.1 Pees FIG. 2 
FIG. 3 
H VORK AND THE TOO! 
fastened 1 he rret {he tool block Bb 
has a longitudinal adjustment so that th 
cutting-off tools may be set exactly. Fig 


2 shows the packing as assembled; three 


ings constitute a set. It will be noticed 
that the angle extends on the second ring 
sitates the tool being made as 

vn in Fig. 3, d the first cutting-off 

t at the int ption of tl ngle, s 

















1M METALLI ACKING 
é ring tt tl g 
I 4 
4 w I l stick o! 
ff 
ippit 
1 f making a 
| different styles and 
ti 
vase for 
\ tr ’ 


PAY 


FOR 


yne kind of packing to another, all that is 
necessary is to change tool block B and 
undercut tool C. The saving of this method 
f machining rings as compared with the 
method of and 
finishing is very noticeable. 


St. Louis. Mo. W. T. H. 


casting separate rings 





The Inverted V of the Lathe Bed 
—A Suggestion 


(he editorial at page 532, Vol. 30, Part 
2, and Professor Sweet’s rejoinder at page 
73, remind me that I am also out of the 
lathe business, so I may safely give away 


me of the points in which the supremacy 


if the American lathe bed is not so great 


ems. Under ordinary conditions 


ona lathe tool is downward, 


pressure 


the right, or toward the footstock, and 
ward the front, or the workman. Just 
\ e proportions of these pressures 


rdinarily are no knows. To be sure 
Professor Nicholson found a sort of avet 


O pet 


Cc c 
\ 8 eS 

Fh ee ee | 

FIG.1 FIG.2 

\ SUGGESTION FOR LATHE V’S 
yressure as needed to hold the tool up 
» the cut, and Fred Taylor says that the 
feeding mechanism should be as strong 
is the driving mechanism. Between these 
two one man’s guess is as good as an- 
nd whatever his guess, he is as 
sure to be sometimes right; like the clock 
that has run down, it 1s sure to be right 

twice a day 

B vhat | want to get at is that thers 
is almost sure to be more wear on one 
side of the V than the other. The effect 


f this (see Fig. 1) is to throw the whole 


ive to one side, toward the front, 


ynsequently to turn the work large by 
distance D of rig I at the 


amount or 


twice the 


point where this 


particular 


\ I taken place 
Now for a remedy. I do not expect to 
this adopted, though I should not be 
rprises e someone rush off and 
et it patented. Fig. 2 solves the whole 
ificulty. Make the two angles such that, 
é tance A has been worn off 
face of the V toward the back of the 
t istance B off the front 
tace, the vertical distances CC will be 
ual rt isily just as 
soon we ‘ lative values of 


USEFUL 


IDEAS 


the vertical and horizontal 


the tool and, as I said before, one man’s 


pressures on 


guess is as good as another's 


Fitchburg, Mass ENTROPY 





A Peculiar Accident to a Gas 
Pipe 


A rather peculiar accident happened in 
our factory a short time ago, and since 











LINE 


FIG I. GAS PIPE CUT INTO BY A SH Al 


it had dangerous possibilities it may be 


of interest to others who have similar 


conditions. 
On the third floor of the 


is a jack shaft which supplies power jor 


building thet 


the floor above This shaft is 27/16 
inches in diameter and runs at 112 revo 
lutions per minute. At right angles 

the shaft and a few inches above it hang 


that flo 


Escaping gas was first noticed on a Satur 


a I-inch gas pipe supplying 


day afternoon when the factory was 
closed. Some men at work on a repai: 
job reported it, but could not find th: 
leak. On Sunday, the watchman noticed 
the odor of gas and shut off the supply 
On Monday, during the noon hour, the 
leak was noticed again, the gas having 
been turned on, and a thorough search 
a * 

\ 

\ 

— ' 

— 
FIG. 2. SHAFT CUT INTO BY A GAS PIP! 

revealed the fact that the gas pipe iad 


fallen from its hangers and lay across thx 


shaft. An examination brought to light 
the peculiar hole shown in the half-tor 
Fig. 1. The shaft was in such a positior 


as to make a photograph of it difficult t 
sketch, Fig. 2 Phe 
to that Saturday afte: 
had 


that w 


obtain, hence the 


fact that previous 


noon no escaping gas been notic« 


would seen indicate 
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26, 
shaft was rotating there was a tight joint 
between it and the pipe; but when not in 
leaked 


through some of 


motion the gas 
the grooves cut by the pipe 

lt is hard to say just how long these 
conditions had existed, or what the re 


sult would have been if the pipe had been 


and the full supply of g: 


cut in tw is 
poured into the room, where open jets 
were burning and which was filled with 
einploye es It is safe to Say, howeve f. 
that at would have been dangerous to 


both life and property. 
RAYMOND C 


Mass 


WILLIAMS 
Worcester, 





Preparing Stock for the Screw 
Machine 


it would seem to me that with his rod 
pointing tool, page 139, for preparing stock 
for the screw machine Mr. Mason is going 
to a lot of unnecessary expense and time 
In the screw-machine department where 
[ am employed making a medium grad: 


of work, all that we find necessary is to 


rough grind both ends of the stock by 
hand, simply beveling the end The 
emery wheel is always running and is 


always ready for any size and shape of 
round, square 
lengths 


ABBOT 


steck of which we use flat, 
nd hexagon in 10- and 20-foot 


Lowell, Mass Pau W 


Index Drilling Some Small 
Steel Caps 


laving SIX nall tool-steel « ips t ‘ 
for a model shown in Fig. 1, the manner 
1 which t 10 holes were eq illy spaced 

d drill No. 55 drill may b 
inter illing machin l 
ble w No. 1 Brown & Sharps 1 
versa the speed of which was t slow 





\ / | 
Ey 4 13 A B F1G.1 C p 
p=ea | n 
FIG.1 a # 
aemacns : I 4) 
FIG. 2 
rHE WORK AND THE FIXTURI 
complish result Wy using the dividing 


l. Fig. 2 


plat 3 
rowed from this machine 


containu 


«WV Cs W S 

A soft-steel plug B with a %-inch hok 
thr gh the ¢ ( was made a drive 
ht in thi dex plat ( 


which carries 


the drill bushing, is located to the prope 
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of stock D, which 


end 


which the divisions aré 


piece revolves n 


plug B, the opposite carrying a pin 


with made by us 
piece to be 
the plug / 
the hole in this plug permitting the 
to be 
with a light hammer and a small piece ot 
hard wood D is this 
latter operation 


ing second | yh L he 


“drilled is 


every 
lightly driven on 
drills d 


piece easily removed; it is driven off 


removed before 


Lansing, Mich Geo. HuBER 


A Rapid Threading Job in the 
Lathe 
the threaded 


hig. 1 shows 


It is of machinery 


piece to be 
steel about 36 inches 
the 


t 


straightened in 
collar 


long, centered and 


usual manner, with a and. sho 


end for driving, the collar and ends beinez 
mannet On the 


finished in the ordinary 


is placed a V-groove 


end where the driver 





° 
2° 4th per in > 
| "x 
no S FIG.T 
. — J 
FIG aiid, 
Oil | 
Up ID / 
A 
/ 
HE WO! 
Crit ~ ‘ , 
noug stock 
I airiyv« 
vro ( tterward 
‘ig. 2 shows t t adriy 
it was found t rdu dog 
was wholly inadeq 
placed upon 1 
big. 3 shows the | t die hol 
vas used f the ening 1 closing 
‘ k l et ie ] lig 
in place of the « s slide so that 
center of the die would line up with t 
lathe centers On tl top o1 he die he 
was an oil pan, cast with suitable oil 
grooves to keep the dies flooded wit! l 
when cutting 
In operation the driver was first tightly 
keyed to the work and the work turned 
t y< by means ] itt g S 
he di head in ( I Wwe 
dies think ‘ were taken t 
S1Z¢ he screws the lat] feed being is 
‘ rs Ss nec tl work 
rapidly It wall eadily understood 
t long dead is required in 
rder to close the dies before starting 
( cu \ fte1 | ) S were T T 





hanged for 1 threading dies, which 
were udyustes » the proper size, the lathe 
eing geared to cu he same pit is 
the di the feed thrown in on the lead 
crew nd t lat] arted If the lathe 
is powerful ugh, t die will travers 
the length of the pla I be threaded 
l ll squ thread 1 inches 
diameter at one cut 1] screws are 
then finished near the collar on the last 
few threads that the die would not cut 
full, filed up and polished, the short end 
turned, and a fine thread cut on the end 
in another lathe. Where there are a larg: 
number of pieces of the same kind to lx 
done, this makes a very fair job at very 
much less cost than possible if done in 
the usual way. The dies were found to 


work better with a good deal of top rake; 


even then a tooth would snap occasionally 











but on the whole the job was very suc 
cessful 
Where the screws must be very smooth 
and accurate, this method would hardly 
answer; but there are many places where 
screws cut in this manner could be used 
with good results, as, for instance, rock 
drill feed screws, for which I believ 
these were used 
Hartford, Conn I. S. WittiAMs 
Shrinking a Die 
late sizes 
I | 1 saw re 
f 1 Board in 
x | \f t pl 
, f d 
1 oO > it W 
] D t W 
I] th 
" h 
1 but not 
ly 
SHRINKIN } 
I \\ 
two pieces wert 
| | \ draw t i 
k s t \ leces We! 
wed t \t g it was f 1 
t t een red 1 0.009 in 
t was of suitable siz 








4 8 


something new, but, suppose the piece had 
gone small, I wonder how safe it would 
have been to heat the die slightly and 
drive a plug 0.01 large into it? 

New York. E. A. Dixie. 





Drilling Ball End Work 


There was in the shop a large quantity 
of drill-press work of a class represented 
by the piece shown at Fig. 1 in which a 
hole is drilled through the ball. It is nec 
essary that the hole be central with the 
ball and at right angles to the axis of the 
screw. There were various sizes of balls 
and as many shapes and sizes of shanks 
and the practice had been to drill them in 
a jig like that in Fig. 2. 

This consists of a gray-iron base a to 
attached the V-block b and 
drill guide c. Some of the jigs had an 
adjustable stop screw d for adjusting the 
had a 


which are 


position of the work. Some also 
latch to swing over the shank of work to 
hold it down, as the drill had a distressing 
tendency to cause the outer end of the 
work to tip up, thus drilling the hole out of 
square. The of the ball was 
rarely the same as that of the shoulder 
so that the V-block must be worked out at 
the work. It dif 
as to keep the hol 


diameter 


one point to suit was 
ficult to do this 
square. 

The practice also was to make the drill 
guide c of tool steel and harden the whole 


SO 


piece instead of using a bushing that could 

easily be renewed. 
There was a large 

a good share of the time they 


assortment of these 
jigs and 
were being repaired. 

Finally I 
shown by Figs. 3 


and built the jig 


This worked so 


designed 
and 4 


ws 
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shown. The plunger c has a vertical 
movement in hardened bushings and is 
actuated by the lever d which is fulcrumed 
on pin e, the pin being hardened and 
working in a hardened bushing in piece b. 


hole for pin f is a driving fit in the 


The 











FIG. 3. THE JIG IN POSITION 


plunger and is slightly elongated in_ th« 
lever. 

Che upper end of plunger c is tapped out 
h is bored in 
A section on 


are 


for a plug g and the plate 
line for the drill bushing 7 
k-l shows how the bushing and plug 
recessed to fit the work 

The spherical seat is bored out at the 
time the hole is drilled which assures the 
hole being central in the work. 
hole which fits the shoulder 
worked out with an end 
the iracy of this de- 


lhe cross 


of the work is 


mill and upon acct 


_ We 
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locates the bushing j. It is only necessary 
to make bushing j and plug g in order to 
accommodate any job within the range of 
the jig. 

In use the work is inserted with the 
left hand, clamped and held by the foot 
on the pedal and the right hand used to 
work the drill press. After the photo was 
taken an adjustable compressed air pipe 
was attached which blew the work out of 
the jig into the pan in the rear as soon 
as the foot released it. It also kept the jig 
entirely free of chips. 

This device proved a very accurate and 
fast satisfactory in 
every way. 

Waterville, Conn. 


producer and very 


RAYMOND GRANT 





Automatic Screw-machine Turn- 
ing Tools 





In the article under the above heading 
at page 207 it is recommended that non- 
adjustable back rests be bored out in the 
machine they are to be used in. That 
method I thought was forgotten, and I 
must say it would not go in most shops. 
Foremen as a rule look a little ahead and 
order the necessary tools and rests to be 
ready when the machine is through with 
the present job. For my part I would not 
allow a toolmaker the use of a machine 
every time I wanted a rest or bushing. 
must have tools with parts inter- 
changeable and adjustable these days and 
save machines standing idle waiting for 
tools. I hope readers won’t think that I 
am not aware that quite a number have 
been idle for a few months that are not 
waiting for tools. Just look back to 
bicycle days. We always had a number 
of machines waiting to have the turret 


— — 








Spas 



































well that another one was made just like 
it and the two jigs easily handled all such 
work that came along 

In Fig. 4 the gray-iron base a is grooved 
a driving fit for the bottom of piece b, 
which is of machine steel and secured to 
the base by two substantial dowels as 


THE WORK AND THE JIGS 


pends the squareness of the hole with the 
axis of thread. 

The rod m attached to the lever connects 
with a pedal corveniently located for the 
right foot. A long coiled spring attached 
to the pedal keeps the jig normally open. 
A pointed screw (not shown in sketch) 


F1G.4 


lined up with the spindle because we were 
using tools with round bushings and non- 
adjustable rests. The tools we could not 
line up so the machines we had to. We 
had the same trouble then with drill and 
mill holders, also tap and die holders. 
Only a few weeks ago a foreman wrote 
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a letter, published at page 959, Vol. 30, 
Part 2, pleading for cheap lathes in place 
of automatics. He stated that by the time 
he got the necessary special tools to start 
the job he would have it half done in his 
lathes. I can see what his trouble is. He 
finds out what he must have, as his tools 
are not suitable for the job. He goes to 
the tool department and asks the fore- 
man to rush the necessary tools out for 
him by, say Monday morning. He is told 
“we are awful busy, how will Friday do. 
That is about the best we can do.” He 
looks at his old lathes right away, and 
sees he can have the job finished before 
he gets the tools. He looks up another 
job for his automatics or begins using 
make-shift tools and gets bad work. I am 
glad I am a toolmaker and can turn in 
and help myself when necessary and not 
be altogether dependent on the toolroom 
Stamford, Conn McK. 





Test Indicator 


The accompanying illustrations show a 
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it is upon their approwal that | am sending 
details of it to the readers of the AmerI- 
CAN MACHINIST. 


Bridgeport, Conn G. T. ALpIN. 





Limit of Accuracy in Calculations 


After reading the article on “Limit of 


Accuracy in Calculation,” on page 64, I 
feel about my 


compelled to 


say more 





























469 


result from its use is not greater than the 
percentage of error from other factors. 

I do not advocate the slide rule for all 
use it for 


If an 


answer is likely to be one-thousandth part 


do not 
work. 


calculations; indeed, | 


more than half of my own 


of an inch wrong, and such an error is 


too great for the class of work in hand, 
the rule should not be used except as a 
check Sut because I could not obtain 





reins oe ae ; FIG. I. TEST INDICATOR 
test indicator for inside or outside work, 
which can be used on lathe, shaper, planer, methods of working, Mr. Logue seems the value of, say, the centers of a larg 
or in fact, anywhere a tool of this descrip- to have overlooked the main point which pair of gears accurately enough for ma 
tion is wanted. It is very accurate, and I put forward. My contention is, you are chining purposes, I would be foolish to 
having used it for the past eight years and justified in using a slide rule so jong as_ throw it at the back of my drawer and 
loaned it to a number of my shopmates, the percentage of inaccuracy which may _ never use it at all. When running out the 
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7 tc ] ‘ 
castings, forgings, etc., the ap 


weights o1 
proximations made as to hollows and ir 


regular surfaces might affect the answet 
more than the discrepancies of the slide 
’ 
ruc 
Did vou ever hear of the electrician who 


excused himself for using the quantity 3 
for # by pointing out that draftsmen ran 
a structtre to 
factor 


ut the breaking stress in 


four decimal places and then used : 
ot safety of four or five; they were never 


sure which was right. Do you ever find 
ccurately the stresses in the flanges of 
a shearing-machine frame? A draftsman 
obtains a certain figure and would stake 


his reputation on its accuracy. To begin 


with the pressure, its value depends on 
the maximum area in shear, which, in 
turn, depends on the cutter, the thick- 
ness of the plate and the penetration. 


Different writers use values of the latter 


which vary by 33 per cent. for any given 


thickness of plate Again, the shearing 
stress of the plate per square inch is not 
Also errors 


thickness of 


known with great accuracy 


in molding affecting the 


metal, flaws in the metal and the general 
quality of the metal, so affect the sat 
load which may be applied, that the com 
paratively small errors of the slide rule 
ire negli bk 

In conclusion | e point out to Mr 
Logue the necessity of roughly analyzing 
the work in hand and of using the most 
efficient method of obtaining an answer 
Sometimes it is by ordinary calculation, 
sometimes by means of the slide rule, or 

nb oth methods 

Concerning the hiection of checking 
lide-rul swe t ppears ¢ ipp! 
( I] h The only saf 
) » | » Ss " inv O1 n | 

ked witl the whol 
kK. MI. Seny " 
' , Ft 8 





Apprentice Training ve sus Ma- 
chine-operator Training 


yrd's 


for 


Clinton Aly 
ibove he a 1a yy I, 
with him in his opin 


adopted regard 


() page 205 | notice 
emarks under the 
one, am in sympathy 
and in the methods hi 


¢ apprentices 


| took charge of a sh pa few \ rs ago 
ere they but vell known engin 
d I found t re large nb of b VS 
d yi Q \ ages varied from 15 
20 \ ‘ employed undet 
! pprentice lp em at price I m 5 
oc rt Pp 1] em ] 1 
nstalled ° who « 
ri t ti bh “ n ipe st 
Yet rroduct of 
’ ae s to th 
| Xp d to pu 
to anv further decrease in the firm's 
| t. Upon investigation I found 


nry existing among 
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the boys, which was i*possible to allow to 
exist and get good results. After trying 
various methods to instill into their minds 
that shop hours were not for base ball 
arguments and other disputes, | adopted 
the methods mentioned by Mr. Alvord. 


By breaking intelligent laboring men into 
the operating of various tools the trouble 
was stopped, also the firm’s bank account 
more work 


shrinkage, and 30 cent 


was produced, also that smile that won't 


per 


come off. 
I might state that most of the work was 
of a micrometer nature at that. 


Philadelphia, Penn P. E. Tomer 





Inside Caliper Rest 


iF 


the line that joins the points of the cali- 


calipering a hole it is necessary that 


per legs should stand at right angles to 
the axis, or center line, of the hole, as 
— — m 
ae 
FIG, I HH 
FIG. 4 
ei 
| KR 
A ae col : 
f t ) 
} \ 
/ \ 
| / 
IG. = / 
7 
- FIG. 3 
FIG. 5 
INSIDE CALIPER RES1 
well as to intersect this line lhe latter 
point is easily determined by noting the 
sence of vibration from side to side, 
vhich occurs when the calipers are set a 
trifle under size, but there does not seem 
he any good way of insuring the first 
! red condition unless there is a shoulder 
in the hole, against which the calipet 
points may abut. Many of the holes that 
| have to bore in the lathe with a slide 
cst tool are in comparatively thin ma 
terial, and | felt the need of some sort of 
a device to hold the calipers so that the 
line joining the points should be parallel 
\\ the P p! ti 
\ly inside spring calipers are of well 
vn make, and have for their pivot, or 
nt, the spool-shaped affair shown in Fig 
[his spool I chucked and drilled 
ugh its entire length, and into this 
le d 1 round steel wire that pro 


inch from each end of the 


ilipers is shown 


to be 
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in Fig. 2, and is built up of several pieces 
of steel riveted and screwed together, to 


I may 


form a fork in which the wire a Fig. 
he laid. The rest is of such a hight that 
when it stands on slide of 
rest, the half 
opening e comes al the hight of the lathe 
centers. Of 
proposition that if the pivot of the cali- 


the cross 
the 


my 


slide center of round 


course it is a self-evident 
pers is at the hight of the centers, and 
the caliper legs are both the same length, 
the 
same 


must be at 


legs 


the 


these 


trom 


then ends of 


the distance face plate 
when they are calipering a hole in chucked 
work 

It is a comparatively easy thing to get 
the opening e at the hight of the centers 
if the base d is the last part made. The 
plate f is the first thing to make, this being 
laid out so the distance g Fig. 2 is slightly 
greater than A Fig. 1. The studs b and c¢ 


are made by first drilling crosswise 
through a piece of drill rod with a drill 
one or two sizes smaller than a Fig. 1, 
the end 
4 is alike for 
than half of 


assumed by k 


and then turning a shoulder on 
so that the distance m Fig 
bh ith 


the 


studs, and is not less 


greatest value ever 
now cut off 
from the parent rod, but longer than their 
the 


into 


The studs b and ¢ are 


hig. 3 


CTOSS hol S 


the pl: t 


final length, so as to leave 


complete, and are riveted 


a wire that fits the cross holes be 
ing inserted therein during the riveting 
insure approximate alinement \ftet 
riveting, a rose reamer the size of lig 
| is run through the cross holes in ind 
to finish them to size and make the 
ilinement complete. Having got thus far, 


i wire the size of a can be p unted at the 


end so as to rest in the female tail centet 


nd the other end held in a wire chuck in 
+] 


he live spindle. On this wire the appa- 


ty) 


tus can be 


shown in Fig. §, 


hung, as 


the plate f dangling below, whik pair of 


sliding-jaw calipers placed between / and 
the slide rest gives the length for the bas 
After this th f b and c¢ 
cut off so of the 
cross holes in which to rest the wire a. 


Brooklyn, N. Y 


d Fig. 2 


tops 


May be 


as to leave half 


WALTER GRIBBEN 





Cost Accounting Under Reduced 
Output 





Your editorial, on page 256, brings out 
the folly of 
standard 


very plainly confounding 


actual with costs. Actual cost 


is made up of two factors; one is constant, 
the other is variable. The constant factor 
is what the operation or finished product 


should priori 


grounds factor is 


cost on a 
lhe 
mentary efhciency of the man, or machine, 


determined 


variable the mo 


r department, or plant. 


In my own practice I first standardize 


every item that enters into cost on the 
basis of normal prices, normal output and 
100 per cent. efficiency. To obtain the 


ctual cost of work to the standard costs 


undertaken in March, 1908. T add th 
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inefficiency per cent. determined for 
ruary. 
AN EXAMPLE OF STANDARD COSTS 
Time, 8 hours 
Standard Cost 


Special Special 


Standards Case Case 
Rate of man per hour $0.40 $3.20 
Machine rate per hour 0.80 6.40 


wages for 


Surcharge on 
general expense is percent, 1.44 
Materials required 12.00 


st $25.04 


Total standard x 


lhis cost remains standard == until 


changed, preferably at some predeter 
mined revisional date; end of fiscal year, 
for instance 

ACTUAL COSTS IN MARCH, 198 
Standard cost enser $23 U4 
Shop efficiency in February, 1908, 80 percent 
Amount to be added to Standard, 25 percent 5 Gl 


Actual cost in March, 1908 


ACTUAL COST IN MARCH 17 


Standard cost bane $25 04 
Shopefficieney in February 1907,125 percent 
Amount to be deducted trom Standard, 20 
percent ry 
Actual cost in March, 1807 $17.43 
PROFIT AND LOSS 
Current selling price in March, 1907 $50.00 
Actual cost, March, 1907 17.43 
Profit 2057 
Current selling price in March, 1908 $25.00 
Actual cost 28.65 
Loss $ 5.05 
Iheiency was igh in Mare 1907, D 
se the factory was, perhaps rking 
n double shift, thus doubling the eth 
f machines and pla iS a 
' ficiency will be low in M 
08, because in February the pla S 
nning on short time 
s system is ideal, no ly ll 
but als rr all operation \n 
‘ | Ss uy 10 \ \ 
\ ich Cv l 
I] ( | l 
\ f man and « dep 
1 the c ) < ‘ | S 
one who does not become in 
sted a cihicien it Is moreovel 
reward men on an efhcien Sis 
e is just one essential, namely, cor 


standards must b establis] ed from 
point of 


nd- 


nt. it Js misleading and also disastrous 


ind competitive 


from an accounting sta 


redit a man, or foreman, or 


d part 


with 100 per cent. effhicien when 
t the efficiency is only 40 per cent., 
s too often the cast \ perfected effi- 


stem of accounting 


less 


less time 


perations requires 


bookkeeping and 
usual methods 


M77) +} ) the 


HARRINGTON EMERSON 


riter does not laim t « the 
f the id 1 the following 
but has found it a verv us 
g-room “kink” not generally 
tabulations made on _ tracing 
paper, blueprints of hich are t 
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form lines 


made, put t] ssary 
the opposite sid f the sheet from the 


letters or figut 


then be 


\ny erasures in tl 
mad disturb 


much 


latter can without 


ing the form, and plainer and 


neater blueprint will be the result 


Buffalo, N. J. 


Movable Bushings 


\USTIN 


article at 1Ool, 


tact 


Mr. Baker, in his 


out the 


pare 
that in Mr 


jig bushings shown 


fails to 
\let 


point 
roth’s design of 
595, V 


provided any means of holding the bush 


at page 1. 30, Part 2, he has not 


¢ down in the jig while withdrawing 


ing 
he drill 


Of course Mr. Baker has taken care of 








— 
A 
. J 
J 
i: J 
— 
‘ 
i | 
] 
—, 
is ll is design, but 
lowed ‘any move t | evidently 
does not nurl the h¢ is a hard mat 
ter to remove the bushings after they get 


warm and expand, 


has ever used slip bushings know they 
will do 

The method of holding e bushings 
show erewith is the b ne I have 
ever seen, besides being cheaper tha 


either one shown in referred 
to. Here you have the advantage of turn 
revolution 


make the head 


shorter n 5g nd larger bushings 
have eads in porti I reamed 
oles up te ch I believe the best plat 
s to hay 1y e busl ng t S1IZ¢ I 
the reamet work being first spotted 
with a dri t fits the bushing, then 
lrilled with smaller drill, allowing just 
enough fe mer This method is 
in us larg ctorv where t sands 
f es are a tely drilled and umed 
in this mannet 1 has proven to | \ 
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Inserted-tooth Cutters 


hers s been some little discussion in 


milling 


utters and the vantages of the diffe 
nt methods of holding the blade eu 
l ferring to cutters having a cast-iro1 
dy. I w 1 \ nall op m Chicag 


where we did a varied line of work from 


signing and building special machinery 


wn to whatever blacksmith work cam 
to was milling 


was The job | refet 


inside diameter and grinding the fac 


of some twenty thousand dust rings fot 


railw journal boxes, and was, of cours 


taken at a certain price per piece and 


delivery guaranteed within a rather close 
made of cast 
soft, 
found many of them that an 
tool would 


time limit Che rings were 


iron, and were supposed to be 


Ithough we 
dinary carbon not make 
nuch impr 


We decided to mill out the 


ssi0on on 

inside of the 
ings to the required diameter, designing 
heavy fixture which was applied to 


had ll 


took one of 


horizontal that we 
cutter we 


e standard inserted-tooth mills 


fering them on ‘ de which et 
( vork S Lhen we p t 
I cm 1 id Sta ted li) Lh 
lad stood up 1 ificently, and 
Uo 4 Int l in He s} ipa 
5 mint then tl cutte 
1 cially hard c, ft was 
t , Pr > ! 
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The Lesson of Cincinnati 


We wonder how many of our readers 
have ever taken to heart the really inspir- 
ing lesson of Cincinnati, by which we re- 
fer to the repeated illustrations which 
are there found of the possibilities in life 
offered by the machine shop. As is well 
known, Cincinnati has come to be the 
leading town in the machine-tool industry. 
This distinction has been achieved during 
comparatively recent years, and is con- 
spicuous as being the work of men who 
as apprentices, nearly all of 
speak truthfully of the days 
when they “served their time.” Of the 
numerous machine-tool shops of that town 
there are few in which one of the partners, 
and usually the leading one, is not a 
graduate from the bench and the lathe, 


began life 


whom can 


these men having risen to positions of in 
fluence in the community and to pros- 
perity and even wealth. Having a capital 
of a few dollars and much pluck, they em 
barked in lines of business in which most 
manufacturers could have seen but limited 
possibilities, but out of these they have 
carved what is fairly entitled to be called 
life. Going farther down the 
line the cases of advancement to posi- 


success in 


tions of trust and responsibility, to say 
nothing of which the average 
bank clerk would call handsome, are nu- 
merous and in them we find far more 
cases of men of the same type who have 


incomes 


found in the machine shop an avenue of 
scarcely equaled, 
legitimate in- 


which is 
other 


advancement 
we believe, in any 
dustry. 

The case is more remarkable when we 
consider in how few cases the success of 
these concerns has been due to brilliant 
invention or to patent monopoly, the ma- 
chines made being strictly competitive. 

Not only is the progress of Cincinnati 
in the machine-tool industry the work of 
mechanics, but it is we believe, a success 
which would have been impossible by any 
other class of men. In no other line of 
industry, perhaps, do depend so 
largely upon merit, for no other manu- 
facturer, of machinery at any rate, is fa- 
vored with a class of customers who are 
just as good a judge of the merits of his 
product as he. More than this, in no other 
line of industry perhaps, is the margin of 
profit determined so entirely by the man 
in the shop. It is a common, and some- 
times a contemptuous, remark of business 
men that profits are made in the office. 
There is, much truth in this 
Statement as applied to many lines of 


sales 


no doubt, 


business, but in machine tools the only 
margin of profit that exists is that be- 
tween the selling price which is fixed by 
the condition of the market, and the cost 
which is determined by the shop manage- 
ment. The office, of course, makes the 
sales and in so far as an increased volume 


of sales makes possible cheaper produc 
tion, the office may be, in a sense, credited 
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with the profits made; but with this limi- 
tation the profits or the absence of profits 
in the machine-tool industry is almost 
absolutely determined by the shop man- 
agement. 

These circumstances give the shop man 
his opportunity and Cincinnati is an im- 
pressive example of the manner in which 
he has taken advantage of it. 

In one sense the machine-tool industry 
of the entire country is an illustration of 
the same thing, the chief difference lying 
in the more recent origin of the Cincinnati 
machine-tool shops. The history of ma- 
chine-tool shops in other sections of the 
country, in their early days, was sub- 
stantially the same, and perhaps the chief 
word of Cincinnati is to belie the croak- 
ings of many today who insist that with 
the growth of industry, conditions have 
so changed as to close the avenues which 
formerly were open. Looked at in this 
way the lesson taught by Cincinnati i; 
that this is still the Land of Opportunit, 





The Exception System of 
Management 


The term “The Exception System” was, 
we believe, coined by Fred W. Taylor, in 
connection with his method of time-keep 
ing, in which the men who enter th« 
works in the morning on time pass 
through the gates without making an\ 
record whatever, the records being con 
fined to those who are late and those wh: 
are absent, the result being a large reduc 
tion in the number of clerical entries 
necessary to make the records. The ex 
pression and the system are, however, of 
far wider application than this, and we 
believe that, to a large extent, they supply 
the key to successful management in 
large sense. 

We recently came across a conspicuous 
case of successful management under this 
system, and while many other examples 
of it exist, it is, nevertheless, worthy of 
notice. 

A gentleman had been engaged as th« 
works manager of a large and theroughl, 
modern factory by the president of th: 
company, who understood his methods 
perfectly by reason of similar relations 
between them in former days, and, speak 
ing of the results achieved by the manager 
in his new position, the president ri 
marked that, while the results were re 
markable, he really did not know how 
they were accomplished. The output of 
the factory had been increased, while th: 
working force had been reduced, and. 
meanwhile, the mechanical construction of 
the product had been largely improved 
but, speaking of the manager, the presi- 
dent remarked: “He really seems to hav 
very little to do, his desk is never littere‘ 
with papers, and if you call at his offic: 
you are more apt to find him with a cigar 
in his mouth and his feet on his desk than 
you are to find him doing any visible 
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work.” This remark led us to discuss the 
subject with the manager, and he re- 
marked that after getting the works in 
running shape he had made it a principle 
to devote attention to unusual cases 
and, except in a general way, to no others. 
In the matter of production and cost, for 
example, so the parts came 
through in with the figures 
which he had established, they and their 
took courses through the 
channels and without attention 
His orders were that all ex- 


his 


long as 
accordance 
records their 
regular 
from him. 
‘eptional cases, either in the direction of 
increased or decreased output, should be 
brought to his attention, and when 
brought to his attention they were imme- 
diately followed up. This, he said, was 
his practice regarding all of the numerous 
subjects that demand a manager's atten 
tion. 

Another factory, which is known to all 
f our readers, is, judging by such obser- 
vations as an outsider can make, managed 
m much the same lines, although very 
likely without formal recognition of the 
principle. While this factory is known to 
everybody as an example of superb man. 
igement, the thing which has impressed us 
when going there is the fact that no one 
in a leading position seems to have much 
to do. Visitors are always welcome, and 
the managers always seem to have un 
limited devote to their 
When one leaves it is usually with an ex 
that he 


time to callers. 


pression. of regret cannot stay 
longer 
It is, 


rules 


of course, useless to lay down 


for successful management. \ 
man’s methods are born with him, and 1f 
in attempt were to be made to establish 
‘ules for success by consulting examples 
‘f success, the rules would cover all con 
eivable methods and be in hopeless con 
‘lict with one another. At the same time 
we believe it to be true that the most suc- 
‘essful management is largely based upon 
he exception system. It is easy to find 
xamples to the contrary, of eminently suc 
essful managers loaded 
with work and who find it impossible to 
ivoid attention to details which should be 
ttended to by others, but successful man- 
igement of this kind is achieved at the 
xpense of tremendous effort. It would 
© too much to say that a manager follow- 
ing such methods has mistaken his calling, 
ut it is not too much to say that he has 
failed to learn the secret of the highest 
success in his calling. While a manager 
tf this type may be eminently success- 
tul, nevertheless limits are set to his suc- 
ess, since with the growth of his works 


who are down 


n magnitude a time must come when the 
lay contains too few hours for him to 
lo the things which he sets out to do. As 
this growth goes on, if the manager is to 
ontinue to be equal to his task, he must 
learn to delegate work to others and to 
‘rust their judgment, and, whether tlie 
irinciple is formally recognized or not, 
1e can, we believe, do it in no other way 
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so successfully as by adopting the excep- 
[If what seems to many the 
successful 


tion system. 


great mystery of the manage 
ment of the 
were analyzed, we believe that it would in 
most resolve itself into this 
principle. A detailed knowledge of the 
work going through many of the immense 
establishments of today by any one man 


enormous works of today 


cases 


very 


is impossible, and the manager who at 
tempts it will sooner or later fail 





Co-operation Versus Duty 





A great deal has been written and 
spoken in regard to cooperaticn in indus- 
trial life, that is, among the members of 
factory organizations. Is it not about 
time to put another face on this subject 
and speak of the duties of the members of 
a factory organization to themselves and 
tc their employers? Cooperation carries 
with it the idea of combining together for 
a common end, while duty has the idea of 
doing that which is an obligation. Em- 
ployees of any factory enter into an agree- 
ment to perform certain labor or duties 
in return for a certain 
it not better, look upon a 
successfully manufacturing 
plant as one in which each member docs 


condition in 


recompense. Is 
therefore, to 
operating 
his duty rather than as a 
which each member codperates with his 
neighbor? Is it not a higher principle of 
service to look at it from the standpoint 
of duty rather than from any other? 





New Publications 


THe “MecHANICAL Worvp” Pocket Diary 
AND YEAR Book For 1908. 391 334x6 
inch pages in all, 307 
advertising and 59 illustrations in the 
text. Price, sixpence net. Emmott 
& Co., Limited, Manchester, England. 

This is the twenty-first year of the pub 
lication of this handbook. Compared with 


exclusive of 


the publication of last year there are two 
The matter on elec- 
trical has been omitted 
owing to the bringing out of a companion 
volume, the “Mechanical World” Elec- 
trical Pocket Book. New material on 
Condensers, Superheating, Reverberatory 
and Reheating Furnaces and Friction 
Clutches has been added. There are also 
several new tables dealing with standards 
for machine parts. The changes add to 
its value as an inexpensive mechanical 
handbook. The daily diary is, of course, 
a prominent feature 
THe “MECHANICAL Wor_p” 
Pocket Book For 1908. 
inch pages in all, 206 pages exclusive 
of advertising and 50 illustrations in 


important changes. 
transmission 


ELECTRICAI 
247 3%4x6 


the text. Price, sixpence net. Em- 
mott & Co., Limited, Manchester, 
England. 


This work has been suggested by the 
former success of its companion which is 
reviewed above. Like its companion it 
has a daily diary as one of the prominent 
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features. It is elementary in its char- 
acter and treats of problems in the me- 
chanical side of electrical engineering. 
Quoting from the preface it is “specially 
intended for those in charge of electrical 


plant and machinery and for power users 


and others interested in the industrial 
application of electric power.” There are 
several common yet useful tables, notes 


on the installation and care of wiring and 


electrical machinery, transmission of 
power by mechanical means, and the like. 
It hardly measures up to its name of an 
Electrical Pocket Book, yet it is a credit 
able compilation when one considers the 
selling price, 12 cents. 
ENGINE-ROOM CHEMISTRY. By Augustus 
H. Gill; 198 4%x7-inch pages, with 
46 illustrations. Price, $1. Hill Pub 
lishing Company, New York City. 
[he operating engineer is vitally con- 
cerned with the behavior of fuel, oil and 
water. This volume takes up the chem- 
istry of these substances in a simple man- 
what apparatus is needed 


ner, indicates 


for and how to perform the necessary 
experiments and tests to gain a working 
knowledge of their qualities, properties and 
applications. The chapter headings are: 
Introductory; Apparatus and Chemicals; 
Fuels and Their Analysis; The Regula 
tion of Combustion; Water, Boiler Scale, 
Pitting and Corrosion; Mineral Oils; and 
Animal and Vegetable Oils. An appendix 
has tables of data useful in 
with the tests and computations which are 
described. While such a work could not 


be written without using chemical sym 


connection 


they are explained in such a 
simple that a knowledge of 
chemistry is not necessary to understand 
them. Again, the apparatus which is de 
scribed is of the simplest kind. 

TABLES OF THE PROPERTIES OF STEAM AND 
OTHER VAPORS AND TEMPERATURE 
Entropy Taste. By Cecil H. Pea 
body. 131 6xg-inch pages. Price $1 
John Wiley and Sons, New York 
City. 

This is the seventh edition of this. well 
known work rewritten in the light of re 
important experimental investiga 

The tables have been recomputed 


bols, yet 


manner 


cent 
tions. 
and certain changes introduced to facili 
tate their use 

To aid in the solution of adiabatic prob 
lems, to which prominence has been given 
by the development of the steam turbine, 
a Temperature-Entropy Table been 
constructed for saturated and superheated 
Quoting from the preface: “For 
engineering the for 
such problems [adiabatic problems] may 
be read directly from the table; greater 
can be had by interpolation 
is thought desirable.” This 
table is a valuable addition to a pre 
viously most valuable work. We cannot 
fail to recognize, although we cannot per- 
haps appreciate, the enormous amount of 
determine the 


has 


steam. 


purposes answers 


refinement 


when that 


detail labor 


quantities entering into these. 


necessary to 
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New Tools and Machine Shop Appliances 


Showing New Ideas in Machine Shop Equipment That 
Make It Possible To Do Better Work at a Reduced Cost 


THE LATEST INFORMATION 


chute and stops The mandrel is fitted with a cross-bar 


A Press Orferating Two Dies — ‘#!!s by gravity down a chu id ste 
t the finger gage B, which, in conjunction knockout. The fly-wheel weighs 950 pounds 











. ’ Lit Vel 
Simultaneously with the chute, holds the blank in posi and makes 125 revolutions per minute. 
n until the next revolution of the press 

lo accomplish rapidity of manutacture t which time the wiring is done in the | 

nd the consequent reduction in the cost wiring die ( \t the same time, another 

f production operations wherever pos blank is also being cut and formed in th 
sible, in the manufacture of sheet-metal combination div. On the next stroke thi | 
goods are often combined. With this idea’ wired blank is released by the operation of L 
in view, the press shown in Fig. 1 was. the finger feed at the back of press, and ist Operation 
built for producing at each stroke a blank falls into a receptacle placed to receive 
such as shown mm Fig. 2, which blank ri the finished blanks I he nger feed re 
quires two operations lhe operation of turning quickly centers the next blank to 
the press Is simpl The first die .1 1s a be wired, repeating the operation at each 
regular combination die; it cuts, draws and stroke of the press. The feed is operated J 
forms the blank Che press being in an by a cam D on the end of the crank-shaft 2nd Operation 
inclined position the formed blank then ‘The crank-shaft has a stroke of 2 inches 


FIG. 2 rHE WORK 





[he press as shown weighs 5350 pounds, 
ind is made by the E. W. Bliss Company, 
\dams street, Brooklyn, N. Y 


A Horizontal Drilling, Boring 
and Milling Machine 


the half-tone shows a machine d 
signed for performing drilling, boring 
tapping and milling operations on larg 
or unwieldy pieces which are difficult 


nvenient to move 


mcol 


lhe work is secured to the floor plate 
which is provided with T-slots. The out 


ard support is also secured to the floor 
plate, or can be removed when not in us¢ 

The main column is adjustable on its 
ways. The head is vertically adjustable 
on the column and is counterbalanced 
as is also the outboard support. Grad 
uated scales are provided on both the 
main and outboard columns so that cor 
rect alinement is readily obtained. Hand 
and power feeds are provided for the 
column, head and spindle. The feeds for 
the column and head are eight in number 
from 0.0196 to 0.66 inch per revolution of 
the spindle. The spindle has also eight 
automatic feeds from 0.001 to 0.033 inch 
per revolution. 

(he machine is driven by a single pul 
ley running at constant speed which by 
means of a speed box is converted into 
6 gradations of speeds from 2 to 
180 revolutions per minute. All the feeds 
are gear driven and can be changed with- 
out stopping the machine. All exposed 


gears are provided with guards. 


lhe floor plate is 8 feet long, 6 feet 
wide and 10 inches thick. Traverse of 








72 inches; vertical 





Se column on the bed. 
traverse of the head on the column, 








FIG, I. THE PRESS 
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developed a line ot tace-plat tarters 





which fully meets the specifications and 
conditions laid down by the National 
Board of Fire Underwriters and _ the 
American Institute of Electrical En 
gineers 

fhe starters for motors on 110 volts 
ip to 22 horse-power, or 220 volts up to 
35 horse-power, use the bar type of re 
sistance, which consists of a resistance 


wire wound on iron bars which are first 


covered with a fire-proof material. See 
Iie I The ends it the bars ar held 
in place by porcelain pieces, clearly shown 
in the acompanying illustrations lhe 
construction is strong and rigid, so that 


acent turns on the same bar cannot 
short circuit, nor car turns on one bar 


come in contact with turns on anothe: 
hat lhe whole construction, resistance, 
iron frame, slate front, contact arm, etc., 
Is hireprool 

\nothet feature embodied nl these 
starters is the low voltage release Lhe 


contact arm will positively fly back to the 











off position if the current is shut off from 








the line, or if the voltage falls below a 

HORIZONTAL DRILLING, BORING AND MILLING MACHINE xed limit his prevents damage to the 

10 meches; traverse of the spindle, 36 ae ak ee ne are 
ches; minimum distance from the ce 
er of the spindle to the top of the floor 
plate, 24 inches; maximum distance, 64 
inches This machine weighs abow | 
30,000 pounds and is built by the Ham 
tou Machine Tco! Company, Hamilto 


Ono 


y 


‘ii 
AN 


- 
is 
t 


Westinghouse Direct-current | 
Starting Rheostats 


\\ 


\ 
P\\ 


‘ 


Direct-current motors, except im _ th 
mallest sizes, require some sort of start 
ing device to keep the current within safe 


limits and to prevent the motor fron 


starting with too great a rush The ne 





cessity of using satisfactory starting d 














ices is therefore as great as to have th 


motor itself reliable The Westinghous 


























FIG I BAR TYPE OF MOTOR RHEOSTAT > PACH 10TOR STARTER. So FI ? FACE PLATE MOTOR STARTER. 100 


PERES CAPACITY AMPERES CAPACITY 
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motor should the current again be thrown 
on or the voltage rise suddenly to its full 
value. The method of connecting the 
magnet of the release coil will be found 
of special benefit where the field of the 
motor is to be regulated. The magnet is 
connected across the line independently 
of the shunt field and is unaffected by va- 
riations in the field current. 
The small type 
shown in the illustration, Fig. 2, 
on the types motors 
capable of carrying 80 amperes. 


rheostat 
is used 
and is 
For the 
re- 


button of 


smaller of 


larger motors larger contacts are 
quired; this requirement is met by fur- 
nishing renewable contacts, as shown in 
the illustration, Fig. 3, of the 160-ampere 
rheostat. In this larger type of starter 
a special short-circuiting brush is pro 
vided which cuts out the last contact, in- 
suring the lowest possible resistance. 
For starting motors on 110 volts of 25 
horse-power, or 220 volts of 45 horse- 
power and larger, the grid type of resist- 
ance is used. This is fully ventilated and 
stand the heavy duty required in 
starting All contacts, 
brushes, fingers and springs may be re- 


the front See 


will 
large motors. 


moved from with ease 
Figs. 4 and 5 

As these are 
starting, the handle will not remain on 
any point except the last, held. 
They are intended to bring the motor up 


to speed in 15 to 30 seconds according to 


rheostats used only in 


unless 


size, and are made for full load condi- 
tions. This line is fully described in 
leaflet No. gooo 





The Simp!e Lathe and the 
Turret Lathe 





By C. W. SuTHERLAND 
On page 959, Volume 30, Part 2, there 
is an article entitled “A Plea for the 
Simple Lathe.” Its author appears to 
be having a rough time among turret 
lathes. It is evident from the facts set 


forth that the turret lathes in his works 
are not being handled to the best advan- 
tage; in which the 
simple lathe is justified. 

We employ a number of turret and cap 
stans lathes in our works on chucking 


case his plea for 


and bar work, and they are giving every 
satisfaction. The saving effected by their 
use is very considerable. Of course, we 
don’t have to wait a month for the tools 
from the tool room, otherwise 
we should drop money very fast. It is 
never advisable to use indifferent 
a simple machine, much less on 
lathe. To be efficient the latter machine 
must always be equipped proper 
ools. If this point is ignored, there is no 
dvantage 


X come 


t 0ls on 
a turret 


with 
to be gained 


Where the work to be done is suitable, 
and sufficient quantities can be put in hand 
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ai one time, it invariably pays to employ 
turret lathes. Our turret-lathe depart- 
ment is growing and we are discarding 
engine lathes. Of course we have some 
jobs that do not call for turret lathes at 
all, and for these we content ourselves 
with the ordinary engine lathe. 
Mr. Sparks tells us something about a 
“A machine is purchased,” 
he says, “and set up. The demonstrator 
arrives and puts a job in the chuck, but 
finds that a special set of jaws would be 
better; later he also finds that a special 
tool would be better. To make the neces- 
sary tools four toolmakers, a tool dresser 


demonstrator. 


- and his helper are working at high pres- 


sure.” Wonderful forethought! This 
done, the demonstrator makes a_ start 
on the job in question and proves the tur- 
ret lathe a “wonder-working machine.” 
Alas! The demonstrator leaves them and 
some attempt is made to do a job on their 
own account. Nobody appears to take the 
initiative in designing and making suitable 
tools, therefore the machine gets but an 
indifferent trial denounced. All 
this, of course, is hard lines on the “smil- 
ing boss” and the firm who supplied the 
The demonstrator doubtless did 


and is 


machine 
his best and was glad to 
another job where better conditions ex 
isted. I think I am right in saying that 
a demonstrator instructs the customer's 
operator in the efficient handling of the 
machine, but, of course, with indifferent 
tools this cannot be done effectually. 
A 4-inch diameter bevel 
which has a clutch on its face and a long 
hub for its own shaft is mentioned. This 
job had been done on a turret lathe, but 
owing to a change in design the tools had 
to be scrapped. Of course, we all have 
to alter our designs, but the reason for 
scrapping the tools is hard to see, not 
knowing the alterations. It appears to be 
still a bevel wheel and possibly has a 
clutch on its face and a long hub for its 
own, shaft, as it was afterward done on 
four engine 


get away on 


steel wheel 


a cutting-off machine and 
lathes. The bevel wheel in question is a 
good job for the turret lathe. For this 
class of work standard boring-bar holders, 
combination tool holders, etc., should be 
used, as in most cases where the design 
is altered it is merely a question of new 
cutters. 

In intelligent hands the turret lathe is 
without doubt a great labor and time 
saver and occupies a minimum amount of 
The latter point is a very im- 

Where simple machines are 


floor space. 
portant one 
employed the floor space required is con- 
We make bevel wheels similar 
to the mentioned, and the cost of 
production is very low. In fact we could 
rot afford to machine them on the ordi 
nary lathe. If were to use simple 
machines to the extent mentioned by Mr. 
Sparks, our shop would be so large that 


siderable 


one 


we 


we would not be able to see from one end 
to the other for the curvature of the 
€ arth 
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Inaccuracies in Technical Books 





HouGH 


By P. R. 


Having collected an extensive library 
of technical works, and also a large line 
of catalogs covering branches of the in- 
dustrial arts similar to those discussed 
in several volumes purchased as special 
authorities on these arts, I have arrived 
at the conclusion that there is altogether 
too much indiscriminate bookmaking in 


this country. As a fair example; in one 


volume written by a gentleman whose 
name is well known throughout the 
country I find tables and _ statements 


copied from a catalog antedating the 
volume, and containing the incorrect es- 
timates and assumptions of the catalog, 
which were published originally to pro- 
mote the interests of the manufacturer. 
Again, in this same book, there are er- 
in the first few pages which cause 
to lose confidence at once in the en- 


rors 
one 
tire work. 

The above iS 
stance. The sooner 
used in building up a volume, and the 
use of catalog statements are checked up 


cited as one in- 


only 


common. sense is 


with calculations and experience, the 
more weight will be attributed to these 
volumes and the general arts and 
sciences will feel the impulse of de- 


velopment. The man who really knows 
his art is generally so busy that he has 
little opportunity to prepare a volume. 
This is unfortunate, but we might better 
be without these books than to be con- 
stantly misled by subject matter over the 
naine of a prominent author which he has 
“cribbed” from unreliable sources 

The field of the gas engine has bred a 
lot of treatises during the past few 
years, most all of which are delusions 
pure and simple; the statements are er- 
roneous and not at all in keeping with 
the development at the time of writing. 
For instance: One writer states that the 
flash-point of kerosene oil is 115 to 125 
degrees Fahrenheit, demonstrating that 
he has never purchased a gallon of this 
oil in his life, or he would know that 
the State regulations for the commercial 
oil are invariably drawn to make 150 de- 
grees the low limit for the flash-point, 
and that it is this oil which is on sale 
all over the country. A man is engaged 
perhaps in the business of building lathes 
and making little noise about it, when 
suddenly a volume comes out written by 
him on the subject of the “Influence of 
Sea Water on Concrete.” 

While there is no disposition on my 
part to depreciate the efforts of Amer- 
ican authors, the spirit expressed herein 
will explain why we are obliged to 
translate works published abroad where 
the arts are treated with more care as 
a rule, and the works more authoritative. 
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Steel and Its Uses 


BY 


EDMUND 
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urnaces for Converting Iron into Stee 


Bessemer Process; Acid Open-hearth; Basic Open-hearth; Crucible 
and Electric Furnaces and Comparative Quality of Steel Turned out 





[he iron which forms the base for all 
steel as well as iron products is first ob- 
tained, as a commercial product, from its 
ores in the form of “pig.” This pig iron 
large amount of carbon, both 
graphitic and state, 
it too weak and brittle for 


contains a 
in the combined 
which makes 
most engineering purposes and it is used 
only for castings that are to be subjected 
to compression, or transverse and very 
slight tensile strains, such as bed plates 


or supporting parts for machinery, water 


pipes, stove plates, car wheels, etc 

The various kinds of steels are there- 
fore relatively increasing in proportion 
to the amount of pig iron used. Today 
ibout two-thirds of this product is being 
turned into steel through purification by 
ither the bessemer, open-hearth, pud- 
ling or crucible methods. 

The carbon content is reduced to any 


lesired point, the graphitic carbon is 


any of the se processes and 


xidized 


SLUICOI ind manganes¢ are 


by the accompanying reactions, or 


- . 1; 9 - . ] . 
a condition precedent to the reduc 


m of the carbon 


he two impurities of the metal which 


re the great bane to engineers and 


teel makers alike are phosphorus and 


sulphur. These are reduced by either the 
I crucible 


irth, puddling or 


isic open-hei 


MELTING THE ORE 

[In making steel, the operation begins by 

iking pig iron from the iron ore, which 

1 natural iron rust or a combination of 

n and oxygen. The oxygen is removed 
combining iron ore, coke and lime 
ne m a furnace and heating them to a 

igh temperature by injecting 


super- 


into the bottom of the furnace. 


eated air 


[he coke is burned by the oxygen in 

air; part of it aids in maintaining 
s high temperature while the rest is 
seful in removing the oxygen from thes» 


heated air is usually heated 
which have been conducted 
f the bot- 


top of the 
rhe 


furnace to 
through a 


stove in turn is heated by burning some 
of the gases from the top of the furnace. 


The limestone unites with the earthy 
materials as the ore is being reduced to 
a molten state and is run off from the 


top of the iron through a hole in the side 
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FI 
of the furnac¢ The metallic iron melts 
d collects the hearth below the 


tuyeres and is tapped 
close to the bottom from which it is run 
molds that form it 


ut of another hole 


through channels into 
“pigs.” The 
‘sows.” 


While the metal is 


he furnace it 


into channels are called 


with the 
absorbs 


in contact 
white-hot coke in t 
a certain amount of carbon, some of 
which is chemically combined with the 
iron and another part is held in suspen- 
as graphite 
If the 


slowly it tends to make 


$10n 


“sow” and “pigs” are cooled 
the carbon take 
When 
black appearance 


the form of graphite such iron 


hroker 


is Droken It Nas a gray or 


showing loose scales of graphite and the 


iron is soft and 


If the metal is cooled quickly, or chilled 


soon as it comes 


} 


Carvon Nas 


from the furnace, the 
kept in the 


fractured 


a tendency to be 
When 


white and hard. 


State sucn 


combined 


metal will be 


PRODUCTI 


product about cent. 1s 


20 per 
made into gray-iron castings, 3 per cent. 
castings, 3 per cent, 


in puddling furnaces to make 


wrought iron and the balance or 74 per 
cent. 1s converted into steel by the va 
processes; of which 52 per cent. is 
nve y bessemer process, I9 per 
cent ic open-hearth furnace, « 
per ce acid p hearth furnace 
ind I p rucible process 
{F 
1} consists of a 
' shown in [ig 
pe ! pen at the 
| € 1 and out 
t ed tl ted pig 
“ t from 
L1T1i Cs 
5 wn | 
p Pp ions I 
25,0 t of cold r per 
t S I € metal 
( S sec t the 
é ises the temper 
ch a high 
gree t sSary to ject 
t C ( the tetal 
s ri e | cl 
I y S ne rol which 
Ss in ct with tl Xyge f th 
s State f combustior 
whic x t the silicon a man 
c es minutes alter 
\ ¢ the tc X1 t 
( I e, Cl which boils uy 
} ‘ ‘ + ; 
€ < r ~ 
ght e wh gradually minishes 
t c tf six mn S re th 
C on has ec " ce about 0.04 
yer cent d the flame dies away 
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AppING ALLOYS 

Except for the impurities which poison 
the metal, namely phosphorus and sul- 
phur, it has become for all practical pur- 
poses a pure metal which is very brittle. 
It is necessary to add certain in- 
gredients which toughen, strengthen and 
harden it to make it useful and workable. 
added different per- 


is in the molten state to 


now 


Carbon is in 
centages while it 
give it the proper degree of hardness. 
Manganese is added for the purpose of 
reducing tl 
the metal 
cess of conversion, as the oxygen would 


e sulphur and oxygen which 


has absorbed during the pro- 


render it unfit for use and the sulphur if 


present in too large a percentage would 
make the metal “hot short,” which would 
make it difficult to roll or forge when 
heated 

The manganese’ desulphurizes the 


molten metal by causing a gradual liquifi 
cation of manganese sulphide which rises 
to the 


oxidize 


surface allowing the sulphur to 
the air 
Silicon is added the 


of freeing the metal from blow-holes by 


into 
also for purpose 
reducing the gases which work to the top 
under the influence of the chemical action 
caused by silicon 

()f the last two elements but from one 
half to two-thirds of the percentages added 
will be found in the finished product ow 
ing to their combining with the impurities 
and oxidizing out with them 
the bessemer almost 


In process it 1S 


impossible to reduce the phosphorus and 


espe cially is this so with the atid bes 
semer process which is the one used in 
this country The percentage of phos 


phorus which goes into the furnace in the 
and coke will come out in the finished 


ore 
product after it has passed through the 


converter; hence, it is necessary to use 


ores and coke which are low in phos 
phorus if a good steel is to be produced 

In Europe, however, the basic _ bes- 
semer converter is used to a certain ex 
tent. This is the same as the acid except 
that the lining of the furnace is of some 


basic material such as limestone, contain- 
of 
commonly 


ing from 30 to 40 per cent magnesia 


and burned — hard, called 


dolomite 

lhe chemical action of this causes the 
phosphorus to slag off but ores which are 
be 1 


Vs 
ow mn silicon must usec 
he bessemer process being the cheap- 


est way of converting iron into steel all 
of the cheaper and ordinary grades of 
steel are made by it 
OPEN-HEARTH Process 
Che open-hearth furnace as the name 


implies has an open hearth on which the 


metal is pl iced and there it 1s exposed to 
reduces it to a molten 


flame which 


in other words, it is openly ex 
the 
furnace 


the 


State; or, 


to action of burning gases 


posed 


Phis must be a regenerative 


ene to get high temperature which 


AMERICAN MACHINIST 
is needed to melt and boil the metal. By 
this is meant one in which the heat car- 
ried away by the chimney flue is used to 
warm the air and gas before they enter 
the furnace 

This name has been commonly applied 
to the furnace as shown by the sectional 
view in Fig. 2, by which both the air and 
gas are heated before entering the fur 
nace by them through 
filled with bricks which are stacked up so 


passages 


sending 


as to leave openings between them. 

lwo sets of passages are provided so 
that one can be used to absorb the heat 
in the exhaust gases while the other is 


warming the incoming air and gas. These 


are supplied with reversing 


passages 
valves so that they can be used alternately 
and thus heat air to 2 
low heat before they unite. This method 


the gas and yel- 


eives a very intense heat. 
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basic as shown in Fig. 2, but the lining 


of the hearth differs in the materials 


used. 

The furnace is lined with silicous ma- 
terials (sand) for the acid process. This 
lining the opera- 
tions as the character of the bottom de- 
termines the character of the slag that 
can be carried, which, in turn, determines 
the chemistry of the process. The metal 
radiation from the high 
temperature of the The impur- 
oxidized by an excess of oxygen 


influences subsequent 


is heated by 
flame 
ities are 
over that which is necessary to burn the 
eas in the furnace. This oxidizes the slag 
which, in turn, oxidizes the impurities in 


the metal. 


The slag is about one-half silica (Si 
02) and the other half is composed of 
oxides of iron and manganese. Nothing 


is added to form a slag as the combus- 





rely 


als 
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Fit 2. REGENERATIVE PEN-HEARTH FURNACI 
In the open-hearth furnace pig iron is tion of the silicon and manganese with 


mixed and melted, with wrought iron, 


‘eel or similar iron products, in such a 


manner that the finai product is entirely 


fiuid: thus converting the resuitaut bath 
into steel. 

From 30 to 75 tons of metai are puri- 
ed in one of these furnaces in froin 6 
to 10 hours. It is then “recarbenized,” 
or in other words the proper percentage 


of carbon is added, and the metal poured 


inte ingot molds from which it 13 taken 
and rolled or forged into the sizes and 
shapes desired 

Steel is made in two ways with the 
generative open-hearth furnace; one is 
called the acid open-hearth process and the 
ther the basic open-hearth process 

Acip OPEN -iiEAKTH 

In this process the 1 lies in a pvol 

n the long hearth the ? is in the 


what iron is oxidized and some sand from 
the lining in the bottom gives the neces 
sary supply. 

When the metal is melted 
added, the the 
the excess of carbon until the proper per 
centage is acquired, the furnace is tappe: 
the proper percentage of 
is thrown into the ladle at the time 
This is in the form of a rich 


iron ore 1s 


oxygen in ore oxidizes 


and mangan 
ce 
of tapping 
ferro-manganese and not in the form of 
1 melted spiegel iron as is the general 
practice in the bessemer process 

In this process the percentage of phos 
phorus and sulphur depends upon that in 
the stock which is put in the furnace, but 
the of the 


therefore, its tensile strength depends en 


amount carbon in steel and 


tirely on the conduct of the operation 
Most 
signers agree that acid open-hearth of a 


engineers and machinery de 
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given composition is more reliable, less 


liable to break and more uniform than 
either bessemer or basic open-hearth 
steel. 


It is usually easy to tell the difference 
between basic and acid steel, but it is dif- 
ficult to tell the difference between basic 
bessemer and basic open-hearth steel or 
open- 
hearth Therefore, one has to de- 
pend on the honesty of the steelmakers 
unless they 


between acid bessemer and acid 


steel 
wish into exhaustive 


to go 


tests of each piece of steel received. 


Basic OPEN-HEARTH 


turnacsc, 
the 


\ regenerative 
that 
acid process is used for the basic, but the 
different material. It is 


omposed oT Somme 


open-hearth 


similar to shown in Fig. 2, for 


lining is of a 


basic metal which is 


isually either magnesite or burned 


dolomite 

As the lining or bottom of the furnace 
takes little part in the operation, but de- 
termines the character of the slag which 
an be carried, when the bottom is silica 
sand) the slag must be silicious and 
when the bottom is basic the slag must be 
Therefore 


hasic the charge put in the 


sic open-hearth furnace is composed 
f pig iron mixed with wrought iron, steel 
scrap or similar iron products, the same 
the But in 
to this lime or limestone is added, as the 
the of 


not make a 


iS in acid furnace addition 


iron and 


slag 


and oxides 


do 
selves and, therefore, must have lime to 


silica man- 


ganese by them- 


unite with which gives a basic slag. 
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con 
With 
a higher percentage special attention must 


phorus providing the stock does not 
tain over one-half of one per cent 
be given to the phosphorus to prevent its 
passing back into the steel when a high 
temperature is combined with violent agi- 
tation, as it is usual when the heat ts 
tapped. 

A basic slag 
although the phosphorus and sulphur are 


will dissolve silicon and, 


lower in the basic steel, the acid steel 
is considered better owing to the increased 
liability of “blow-holes” and gas bubbles 


in steel converted by thx 
the 
process 


basic process, if 
silicon is too low Then again the 
of recarburizing sometimes pro 
irregularities. The 


more highly charged with oxygen 


metal is also 
All of 
these make a poorer quality of steel than 
by the open-hearth 


duces 


is produced acid 


process 


CRUCIBLE STEEL 
the 
furnace is used similar to the one shown 
in Fig. 3. In this the not at 


tack the top of the metal as in the open- 


In crucible process a regenerative 


heat does 


hearth, but heats crucibles which are 


covered so that the gases from the fuel 
not attack the In 
places, however, coke furnaces or melting 


will metal some 


holes containing crucibles are used. 


into 
the crucible process is usually 


The material used for conversion 


steel by 
wrought iron and not pig iron as in the 
bessemer and open-hearth processes 
The wrought iron is cut up into small 
pieces and the desired amount of carbon 














This slag will dissolve all the phos- is placed on top of it with any other al 
phorus that is oxidized which an acid loying element desired such as tungsten, 
slag will not do. In the acid open-hearth chromium, manganese, etc. 
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Fi 3. REGENERATIVE GAS FURNACE FOR CRUCIBLES 
essemer furnace the silicious slag re In addition to these a little charcoal 
the phosphorus which immediately and a small amount of glass or other 
xidizes and returns to the iron similar material is used to give a passive 

Sulphur is also removed to a limited slag. In the pot are also a little air, 

ent and ore with these impurities can some slag and oxide of iron, this last be 

sed in the basic open-hearth furnace ing the scale and rust on the surface of 


is not possible to handle by the 
process 


the slag is basic enough to not at- 
the bottom it will hold the phos 


each piece of metal, and Silica, alumina 


and carbon from the scorification of the 


walls of the crucibl 


Some time is required for the reduction 


of the silicon from the slag and lining as 
well as for the various reactions which oc- 
When this reduction has reached a 
from 0.20 
of silicon and the metal 


cur 
point where the steel contains 
to 0.40 per cent 
quiet the 
taken from the furnace and the contents 


lies and “dead” crucible is 
poured into ingot molds 
The crucible process is used only for 


the making of high-grade and special al- 
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loyed steels, such as high spec d, nickel or 
vanadium chrome, etc. It is about three 
times as expensive as the next cheapest, 
namely, acid open hearth, but for such 
work as cutting tools, armor piercing 


projectiles, gears which are subjected to 


heavy or vibrational strains, high-grade 
springs and many other uses the crucible 
steels far excel anything that is made 
by the other processes 

lhe reason for this superiority 1s 
largely due to the fact that it is made 
in vvered pots, which exclude the fur 

ce gases nd air It is therefore freer 
from oxygt hydrogen and nitroge 
Crucible steel usually contains less than 
0.40 mang est more than 0.20 
pe ‘ ( ess tha 0.025 per cent 
phosphor ! ss than 0.030 per cent 
wphur, with the carbon content high 
wing to the s to which crucible steels 
are put 

ELectRIC FURNACES 

= , furnace has heen | ht 
into quite prominent e in the last few 
ears for the making of steel. In ce1tain 
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ways this has proved itself to be a com- 
mercial success, while in others it is still 
in the experimental stage. 

Although there are many designs of 
electric furnaces they might be placed in 
two namely, those in which the 
electrode enters the molten metal in the 
furnace as illustrated by the Heroult fur 
nace in Fig. 4 and which the 
metal is melted by the radiation of heat 
from above the metal as illustrated by the 


classes; 


those in 


Stassano furnace in Fig. 5. 
The Heroult furnace is open at the top 


The 


current passes through the electrode, the 


and the electrode is lowered into it. 


metal in the furnace, the carbon paste lin- 
ing and out at the bottom contact 

,~ in the Stassano furnace the heat is 
generated by three electrodes which come 
together in the center of an inclosed fur- 
the metal. This 
furnace is also mechanically revolved in 


nace immediately over 
order to agitate the metal and thus ac- 
It is also 


mechanism 


celerate the chemical reaction 
built without the revolving 
for some uses. Another prominent make 
is the Kjellin induction furnace. 

When a good ore can be procured the 
electric furnace can produce a metal with 
a higher degree of purity than any of the 
other processes owing to the absence of 
the sulphuric gases. Mr. Harbord, the 
government expert said “Steel 
equal in all the high 
grade Sheffield crucible steel can be pro- 
duced in the electric furnace at a less cost 
methods.” 


Canadian 


respects to best 


than by the ordinary crucible 

[The high temperature insures extreme 
deoxidization of the steel and a vigorous 
oxidization of the impurities can be em- 


ployed in the electric furnace. 
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It cannot eliminate arsenic and coppei 
but it practically eliminates phosphorus 
and sulphur and thus removes the in 
jurious effects of these. The sulphur is 
oxidized out until only a trace is left and 
the phosphorus remains in the metal only 
in very small percentages. 

The electric furnace has not proved a 
success as yet for the making of steel 
from the ore, principally owing to the 
cost of production, but for the high-grade 
steels such as tungsten, nickel, nickel- 
chrome, self-hardening and _ high-speed 
tool, which are made out of blast furnace 
products and scrap it has given good sat 
isfaction in Germany and France. But 
one of the electric furnaces has been tried 
in this country and that in the manufac- 
ture of a high-speed steel. After much 
costly experimenting this had to be 
abandoned owing to the lack of skilled 
labor to run it. The furnace itself was of 
the Heroult type which has given good 
results in other places. 





A Sinding Larsen, of Christiania, Nor 
way, has patented a process by which to 
obtain a merchantable iron, free from 
titanium and nitrogen, from titaniferous 
ore. 

This ore is smelted in an electric fur 
nace, and is then treated in a converte 
with nitrogen whereby titanium 
and an iron containing some titanium a1 
This iron is then treated wit! 
to decon 


nitride 


produced. 


superheated steam in order 
pose the titanium nitride, titanium nitride 
carbide, iron nitride and possibly irot 
nitride-carbide. A pure iron is thus s 
cured which can be treated by ordinar 


processes. 


ngredients of and Materials Used in Stee 


Effects of These on the Static Strengths and Dynamic Qualities 
of Steel, Also on Its Workability and Wearing Qualities 





Che elements entering into the com 


position of steel have been studied and in- 


vestigated in many ways, and their effects 


have been carefully noted. Many new 
illoying materials have also been brought 
into use in the past few years. They were 
made available by the high temperature 


obtained in the electric furnace, and they 
have been experimented with and their 
effects recorded. 

These new alloying iterials 


given us steels which for strength, cutting 


withstand vibrational and torsional 


attain a standard of excellence 


stresses 
higher 


possible but 


than would have been considered 


a short time ago. 


CARBON IN STEEL 


alloying elements entering 


the most important, 


into steel carbon 1s 
as it is the quantity and condition of the 
carbon in the metal which makes the dis 
tinction between The 
distinctive features of different grades of 


iron and _ steel. 


steel are due more to the variation of the 


carbon content than to the differences in 


the other elements 
One of the wonders of metallurgy is 


the effect that a small percentage of car 


bon has upon iron. Pure iron has a 
tensile strength of 5400 pounds per 
square inch, and if we add a few tenths 
of one per cent. of carbon, the tensile 
strength immediately rises to 60,000 
pounds per square inch or more. This is 


a quantity so small that it is out of all 


proportion to the mass in which it is 
distributed. 
Manganese, silicon, phosphorus,  sul- 


phur, etc vary widely in quantit 
but the carbon usually decides the cla 


may 


in which the steel belongs; for the ca 
bon gives greater hardness and streng! 
to the steel with less brittleness than a1 
other element 

Che 


varie S 


steel usual 
between cent. and 2 p 
Metal having than 2 p 
called cast iron and used as su 
yntent of from 0.10 


steel is soft and cant 


carbon content of 


0.10 per 
cent more 
cent. 1s 


With a 


1.30 per cent the 


carbon c 


be hardened enough to prevent cutt1 
It is then called machine 


With a carb 


with a file 


low-carbon steel 


sott or 

content of from 0.30 to 2 per cent 

an be hardened so as to cut other ste 
and is called tool, half-ha 


ir metals 
hard or high-carbon steel 
the 


ibove statement 1 


txceptions to 
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be made in hard steel, as a 


steel can be made hard by either man 


ganese, tungsten or 


of soft steel. 


Every increase in the percentage of car 


chromium ; 
true 


bon increases the 


and therefore its liability to fracture 
when cold or when heated suddenly, while 
it reduces the elongation and reduction of 
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The strength of steel is always secured 


at the sacrifice of some other desirable 
property, but the sacrifice is less in the 
case of carbon than with any other ele- 
ment. The and elastic 


imit are raised considerably by harden- 


tensile strength 
ing, and the higher the percentage of car 
bon the greater the degree of hardness 
which can be attained. But the greater 
the carbon.content the be the 
elongation, as hardened high-carbon steel 
is very brittle. This brittleness makes high 
arbon steel very easily damaged in heat 
treating or working, and the carbon con 
nt is usually kept as low as possible for 
the strength and hardness that is desired. 
Sudden rupture” is a term which is 
specially applicable as a characteristic of 
arbon-steel products 

Many other elements which enter into 
the composition of steel, particularly in 
the special alloys, increase the strength 
id hardness of the metal as well as add- 


less will 


g other desirable properties 


MANGANESE 
Manganese is an element that is always 
und in steels but its true properties and 


fects on steel were not known until 


out twenty years ago, when they were 


scovered by R. A. Hatfield, a metal 
rgist and _ steelmaker of Sheffield, 
eland. Its effect when added to ste 


to 2 per cent., with various percentages 
Chart 1, the 
the 


important 


carbon, is best shown by 


ual mode of existence of carbon 
the steel being very 


When 
no 


more than 2 per cent. and less 


per cent. of manganese is added, 


th the carbon less than 0.5 per cent., it 


} 


ces steel very brittle, so that it can | 


‘ 
From 
this 
until 
the 


vdered under a hand hammer. 


per cent. of manganese up, 


ttleness gradually disappears 


per cent. is reached, when 





low-carbon 


but it is 


hard 1 brittleness 
naraness and brittieness 
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former strength returns and 


maximum at about 14 per cent 


a decrease in toughness, but not in trans 
verse strength, takes place until 20 per 
cent. is reached, after which a rapid de 


crease again takes place 
Chart 2 shows tl effect I manganese, 
above 6 per cent. on the tensile strength 


and elongation 


Steel with from 12 per cent. to 15 per 


‘ent. of manganese and less than 0.5 


cent. of carbon is very hard and cannot 


be machined or drilled in the ordinary 


vet it is so tough that it can be 


way 


8 tient feet 


twisted and bent into peculi shapes 


without breaking 


Manganese in the form of a ferro con 
taining about 8o per cent. of manganese 
is added to a heat of steel at the time 


f tapping so that it may seize the oxygen, 


which is dissolved in the bath, and trans 


fer it to the slag as oxide of manganese 


Manganese prevents the coarse crystalliza 


reaches its 


After this, 


per 


proper percentages are used In the 


ordinary steels this percentage is usually 


trom 0.70 to per cent 


while in many 


of the special alloys it runs from 0.30 t 


0.5 cent n th high speed stee 
the maganes ntent 1s trom 0.10 to O.3¢ 
per cent. and in « rdening steels this 
should be kept below 0.20 per cent Che 
luctility which it gives to steel, especiall 
when ed in the percentages above the 

ne of brittleness, is decidedly affect 
by the rate of ling. In this it work 
in the opposite way to carbon; slow coo 
ing makes manganese _ steel _ brittle 
while quick cooling makes it extremely 
luctile 

PHOSPHORUS 

lhe impurities phosphorus and sulphur 
have been the bane of engineers, de 
signers and all users of steel products 
and more time, more energy and more 
money have been spent to get rid of 




















tion which the impurities would other- these than any other element” in 
wise induce and steels low in phosphorus e metal Many experiments have 
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The critical temperature to which it is teels were | into actual use failure 
safe to heat stee! is raised by manganese, curred 1 the ¢ was nearly alway 
owing to its resisting the separation of traceable to the phosphorus. In the rol 
the crystals in cooling from a liquid and ing mill phosphorus does not show a1 
conferring the quality of hot ductility. bad effects as the heat under which the 
his makes it one of the most valuable steel is worked seems to overcome them, 
factors in the making of steel, if the but when the metal has become cooled 
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and is subjected to sudden shock or to 
vibrational stresses it breaks very easily. 
The lower the temperature and the higher 
the phosphorus the easier will the breaks 
This has led to the term “cold 
as applied to the effect of 
phosphorus on steel. 

Phosphorus diminishes the ductility of 
steel under a gradually applied load, as 
shown by the reduction of area, elonga- 
tion and elastic ratio when specimens are 
pulled the ordinary _ static 
strength testing machine. But when the 
steel is tested in the rotary or alternating 
vibrational-stressing machine, as well as 
with a pendulum-impact machine, the de- 
toughness is 


occur. 
shortness” 


apart in 


crease in ductility and 
shown to a much greater degree. 
Phosphorus capricious 
that they. may show a reasonably high 
static ductility, and still show very brittle 
when shock tests are applied. Therefore, 
the safest rule to apply is to have the 
phosphorus in all steel products as low as 
possible. It is a bad steel that contains 
0.10 per cent. of phosphorus, while the 


steels are so 


irdinary grades contain as much as 0.08 
per cent., and the high-grade steels should 
have less than 0.04 per cent., while in the 
best steels it 
this 


should be even lower than 


SULPHUR 


Sulphur causes steel to crack, tear and 
check in rolling, forging, heat-treating or 
hot-working and, therefore, the term of 
“hot 
effect on This is the opposite of 
the phosphorus effect. Its effect on the 


steel when 


shortness” has been applied to its 


steel 


not 
been accurately determined, but it seems 


properties of cold have 


certain that the effect is not detrimental 
to any extent. 
When steel is heated beyond a dull 


red sulphur will cause a crystallization to 
take place, and when high temperatures 
are reached the 
coarse, as the sulphur is dissociated and 
forms into a gas which diffuses between 
the iron crystals separating them and pre- 
venting perfect cohesion. 


grain becomes’ very 


When contrac- 
tion by cooling takes place this may cause 
microscopic cracks or even cracks large 
enough to be the naked eye. 
These, of course, weaken the metal. It 
is also the bane of the steelmaker owing 


seen by 


to its liability to cause blow holes. pipes 
and seams 

Sulphur also has an effect on the car 
bon owing to its tendency to form iron 
carbide and thus harden the metal. Its 
effect on the tensile strength of steel has 
not been definitely settled, but up to o.10 
per cent. it does not alter the elastic ratio, 
elongation or reduction of 


area to any 

extent 
The actual percentage of sulphur at 
which steel ceases to be malleable or 


weldable varies with the other ingred- 


ients. Each increment of copper lowers 


it, while each unit of manganese raises 


y 
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it; again, it is lowered if the steel ingots 
are cast too hot. The highest percentage 
6f sulphur which should be allowed for 
any use is 0.10 per cent., but for tool 
making or other uses where steel has to 
be repeatedly heated and cooled this 
should not be over 0.03 per cent. and pre 
ferably as much lower as possible. Steel 
would be much better for nearly all 
kinds of work if the sulphur could be 
reduced to a trace and the improvements 
in electric furnaces give promise of doing 
this. 


SILICON 


Many contradictory statements have 
been made as to the effect of silicon on 

When the silicon is left in the pig 
from the blast furnace it is an in 
dication that the metal has been blown 
hot, and as the iron has not been 
completely converted into steel the metal 
brittle character. The percentage 
varies considerably according to the heat 


steel 


iron 
too 
has a 


of the charge and this causes irregular- 


ities which may account for the differ 
ences of opinion. To get the best re- 
sults in the steel the silicon should be 


eliminated as much as possible from the 
iron, and a definite quantity added in the 
form of high percentage ferro-silicon or 
silico-speigel. This gives a very differ- 
ent effect from that of silicon left in the 
blast-furnace iron 

Silicon has a tendency to remove the 
gases and oxide from steel as well as the 
traces of dissolved oxygen. This prevents 


the formation of blow holes and makes 
the steel harder and tougher. Thus ut 
is better able to withstand wear or 


crushing from continual pounding. 

The influence of silicon on the results 
of quenching is similar to that of carbon 
in many ways. It is also dependent upon the 


coexisting amount of carbon and man- 
ganese It neutralizes the injurious 
tendencies of manganese and it is dit 


ficult to obtain silicon in steel without the 
presence of manganese. 

An increase in the percentage of silicon 
raises the tensile strength and lowers the 
elongation and reduction of area. Up to 
a content of 4 per cent., silicon increases 
the tensile strength about 80 pounds per 
square inch for every 0.01 per cent. Be 
yond this amount a weakening of the 
Without a 
manganese 
shock re- 
sistance, whether annealed or quenched. 
With 0.20 per cent. of silicon the tensile 
strength is one-third 
more than 0.01 per cent. of carbon would 
per 
little use 


metal seems to take place. 
considerable percentage of 


silicon steels show very low 


increased about 


increase it. Beyond a content of 5 


cent. silicon steels are of but 
for structural 

Steels little than 1 
per cent. of carbon and from 1 to 2 per 
cent. of silicon have been used quite suc- 
cessfully for hard-tool steels. Below a 


content of I per silicon ceases to 


purposes. 


containing a less 


ClMt., 
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have an influence on quenching and the 
metal may be classed as a special carbon 
steel. Some makers of steel try to keep 
the silicon as low as possible, but many 
of the best steels contain from 0.20 ts 
0.80 per cent. With the content 
low the silicon may be raised to a fairly 
high figure, but with the carbon high the 
silicon should be kept low. It should also 
be kept low when the phosphorus is high. 

Silicon steels are extremely fibrous 
with a remarkable resistance to shock it 
the direction of lamination but practically 
no resistance in a direction perpendicular 
thereto. This quality makes them specially 
adapted for leaf springs 


carbon 


EFFEcTs OF COPPER 

[he iron made from some ores contains 
as high as I per cent. of copper and many 
of the bessemer and open-hearth steels 
0.30 to oO.50 per cent. 
That copper as 
steel in perfect uni- 
segregate 1s 
a fairly well established fact. Hard and 
soft steels with a percentage of copper as 
one of the ingredients have been used for 
many purposes with the usual number of 
failures, but these failures have always 
been traced to other ingredients and none 
When the carbon 
from 


contain from 
of this 
sociates 


formity 


metal. 
with 
and 


does not 


to the copper content. 

high and the 
0.45 to 2 per cent., the steel does not give 
good results when drawn into wire, but 


content is copper is 


in the ordinary rolled shapes copper does 
not seem to affect the rolling qualities 


although the steel is not as_ readily 
weldable. 

As much as 7 per cent. can be alloyed 
with iron but it makes a_ metal 


which is very hard to cut even with good 
It slightly increases the elastic 
ratio and gives a better elongation and 
reduction of area. This would indicat< 
that it is not harmful to steel and might 
be of a slight benefit. 

Crank-shafts for the United States bat 
tleships and gun tubes for six-inch guns 
have been made out of steel containing 
0.57 per cent. copper. They stood su 
cessfully all of the tests required by the 
Government. 


tools. 


ARSENIC IN STEEL 


Many steels contain an appreciable pe 
centage of arsenic; but as high as 0.15 
per cent. does not affect the mechanica! 
properties as the elongation and redu 
tion of area are not changed and tl 
tenacity is but slightly increased, which 
leaves the bending properties unchang«'! 
at ordinary temperatures 

Above 0.15 per cent. the strength 
steel is increased and the toughness d 
creased with each increase in the pé 
centage of arsenic until 4 per cent. 
reached, when the elongation and redu 
tion of area nill and the st 
becomes very brittle. 


become 
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NICKEL 

Nickel is one of the metals which is 
added to steel to increase its strength and 
wearing qualities and nickel steel is no 
doubt used more in the construction of 
machinery than any other of the special 
alloy steels. Nickel steel can be pur- 
chased in the open market in nearly all 
percentages of nickel from I up to 35 per 


cent. and with varying percentages of 
carbon. 
Nickel segregates only slightly and 
} 
| 
| 
i 
FI 6. CUTTING TEST BARS 


gives steel a greater resistance to shocks, 
torsional stresses and compressive 
stresses, but this is not due to hardness 
as soft steel cannot be made, hard by the 
addition of nickel 

The propérties of nickel steel depend as 
much upon the carbon content as on the 
nickel. The fact that a 2 or 3.5 per cent 
nickel steel is used means nothing unless 
the carbon content is right for the use to 
which the steel is to be put. To illus- 
trate, a steel containing 2 per cent. nickel 
ind 0.12 per cent. carbon has a good ten 
sile strength with a great elongation 
ind is useful for some purposes, while a 
steel that is equally useful for another 
purpose may contain 2 per cent. nickel 
ind 0.9 per cent. carbon, and this would 
give it a high tensile strength with very 
ittle elongation. With a high carbon 
nickel steel is difficult to 
1arden, especially locally, as fissures and 


ontent 


‘racks tend to develop in quenching. It 
lso has more tendency to warp in quench 
ng than other steels and may be decar- 
vonized by heating. These tendencies 
nay be overcome to a great extent if the 
1etal is thoroughly annealed before it is 
1achined to size in order to relieve all 
f the strains 
1enched the piece should be immersed 

the bath so that the liquid can cover 
e greatest possible surface at the in- 
tant it strikes the bath and it should be 
gitated while cooling. 


internal Then, when 


Nickel also gives steel a tendency to 
ow laminations, and make it weaker at 
ght angle to, than in line with the di- 
The higher 
e nickel content the greater will be the 
ntrast between strength in these two 


ction in which it is rolled. 


ections 


Chis is best shown by tests 
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which were made on test bars 1 and 2 


cut from a piece of 3.5 per cent. nickel 
steel as indicated in Fig. 6. Test bar 1 
showed an elongation of 12 per cent. and 
Test 
bar 2 gave an elongation of 25 per cent. 
and a reduction of area of 65 per cent. 
[he good qualities which nickel gives to 


a reduction of area of 17 per cent. 


steel offset these bad qualities to such an 
extent that it makes a much better steel 
for gears, crank-shafts and pieces which 
have similar work to perform than the 
ordinary carbon steel 

Nickel was first added to steel for the 
purpose of overcoming the property of 
“sudden rupture” which is inherent in 
all carbon steels. This it has done to a 
large extent. It makes steel better able 
to withstand severe shock and torsional 
stresses. 

The tendency of steel to burn in heat- 
treating is greatly reduced by the addi- 
tion of nickel and the extent to which its 
treat- 
One series of tests 


strength can be swayed by heat 
ment is remarkable 
made showed a. tensile 
88,000 square 


inch, an elastic limit of 60,000 pounds per 


which 
strength of 


were 
pounds per 


607 


50 ~ 


ches 





increases, and from there on to 50 per 
cent. a gradual increase is shown 

Steel with percentages of nickel from 
30 to 35 give good results for valves on 
internal-combustion engines as the nickel 
makes the steel wear better and it is not 
as good a conductor of heat as other 
metals 


TUNGSTEN 
Tungsten as an ingredient of steel has 
been known and used for a long time, it 
having been used in the celebrated 
Damascus steel, but its actual effect was 
not known until about 35 years ago when 
Robert Mushet, after much experiment 


ing, brought out the famous “mushet 


steel.” This caused some radical changes 
in treating crucible steels and much pro 
gress and improvement has been made 
since that time 

Tungsten reacts on steel somewhat as 
does carbon, that is, it increases its hard 
ness; but weight for weight carbon is 
superior in this regard to tungsten. If 
the percentage of tungsten is high with a 
high manganese 


proportionately content 


the steel can be hardened by cooling in 


mit 
il 
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CHART 3. EFFECT OF NICKEL IN DIFFERENT PERCENTAGES 
square inch, an elongation of 28 per cent the air. This is the direct opposite of 


and a reduction of area of 58 per cent. 
when in the annealed state. These figures 
were changed by hardening to a tensile 
strength of 225,000 pounds, an _ elastic 
limit of 225,500 pounds, an elongation of 
8 per cent. and a reduction of area of 19 
per cent A good quality of carbon steel 


might show these same figures in the 


annealed state, but they could not be 
raised to much more than half of those 
found in the nickel steel in its hardened 
condition 


Nickel has one 


which is best shown by 


peculiarity in its in- 
fluence on steel 
Chart 3 
the tensile 


Up to 8 per cent. it increases 


strength and elastic limit; 


from 8 to I5 per cent. it produces a steel 
so brittle that no mechanical tests are 
possible as the metal can be powdered 
with a hand hammer; at 15 per cent. the 
strengths are again restored and grad- 
ually reduce from that point on; from 


20 to 25 per cent. the elongation rapidly 


the effect of carbon, and this fact Mr. 
Mushet used in his well known steel 
As the principal use of tungsten is in 
high-speed tool steel, and as a high per 
centage of manganese makes steel that is 
brittle, to be 


weak in the body and to be less easily 


liable to fire crack, to be 


forged and annealed, manganese at the 
present day is kept low and chromium is 
used in its place. The tungsten-chromium 
steels are not hardened by heating them 
to a degree of temperature that is un 
usual in tool steels, but they retain what 
hardness they have when heated to a dull 
red by the friction and 


in cutting This has led 


pressure 
of chips 
to the term “red-hardness” as ap 
plied to this class of steel and it is this 
property which has increased the cutting 


speeds of tools. Tungsten when added to 


steel up to 7 per cent 
self-hardening 


steels if the 


does not make it 
than the car 
manganese or 


any more 
bon tool 
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chromium are low; but every increase up 
to 19 per cent. increases the “red hard- 
ness” if chromium is increased propor- 
Beyond 19 per cent. of tung- 
is decreased no 


tionately 
sten the “red hardness” 
matter what the percentage of chromium 
may be. The increase in “red hardness’ 
is about 50 per cent with an increase 1n 
tungsten from 6 to Ig9 per cent. and that 

ith manganese as low as 0.15 per cent. 
With the chromium im the proper pe! 
entage tungsten will make steel self- 

irdening 1 ill percentages ver 0.35 

if the chromium is too high propor 
tionately the steel is liable to become in 
jured by over-heating. By over-heating is 
meant heating considerably above the 
critical or recalescent point, which in the 
high-speed steels is about 1530 degrees 
l’ahrenheit 

The carbon content of these steels is 
kept low as compared with ordinary too! 
steels, or the air-hardening steels of a 
few years ago; as the tungsten-chromium 
ingredients give steel a “red hardness.” 
The carbon content in the high-speed 
steels of today usually varies between 
0.65 and 0.80 per cent., whereas it was 
used in varying percentages up to 2.4 in 
the older air-hardening steels. This lat- 
ter percentage was used in mushet steel. 

The quality of “red hardness” given 
steel by the tungsten-chromium ingred- 
ients increased the cutting speed of tools 
about 45 per cent. over that of the older 
air-hardening steels, when cutting hard 
forgings or castings. Similarly an in- 
crease of about 90 per cent. was made 
when cutting softer metals. This has led 
to their almost universal use to the ex- 
clusion of mushet steel, which but a few 
years ago filled 50 per cent. of the sales 
of tool steel. 

Tungsten either in combination with 
manganese or chromium has greatly les 
sened the skill and knowledge required in 
heat-treating tool steel. To get the proper 
degree of “red hardness” the steel should 
be heated nearly to its melting point. The 
melting point of steel is about 2500 de- 
grees Fahrenheit. If this temperature 
was reached it would soften the steel so 
that the point of the tool would run. This 
would not harm the cutting qualities as it 
would not lessen the “red hardness” given 
the metal by the tungsten and chromium. 
If a greater temperature were reached it 
would melt the steel, so it can easily b 
seen when the melting temperature is 
reached. On the other hand, if a temper 
ature of 2300 degrees Fahrenheit is 
reached the same “red hardness” will be 
given the steel, so that there is a range 
of about 200 degrees Fahrenheit that will 
give the same results in heat-treating 

The carbon tool steels, however, have 
to be heated to few degrees above the 
recalescent point and then quenched to 
obtain the greatest degree of hardness 
After this they must be drawn to remove 
the brittleness caused by the high temper 
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ature. This requires a great deal of skill 
to judge the correct temperatures, as a 
variation of 25 degre e quite a 
difference in the temper and consequenti) 
in the cutting and wearing qualities. 


MoLYBDENUM 
Molybdenum is often used in high-speed 
steels in place of tungsten as its action is 
Where 2 per cent. of 
cent. of molyb- 


very similar 
tungsten is used I per 
denum will give the same results, that 
is, one molecule of molybdenum appears 
to have the same effect as one molecule 
of tungsten, its atomic weight being double 
that of tungsten. The cost of molyb- 
denum is so much higher than that of 
tungsten that its use is prohibitive, un- 
less much better results can be obtained 

Many experiments were made with 
molybdenum in place of tungsten, and 
tungsten, 
considerable irreg 


molybdenum combined with 
but these showed 
ularity in steels of the same chemical 
composition, heat-treated in the same 
way as the tungsten-chromium steels 
he cause of these irregularities were not 


the annealed state the tensile strength is 
raised until 6.5 per cent. is reached and 
the elastic limit is raised up to 3 per 
cent. and this does not lower to any great 
extent until 9 per cent. is reached. After 
these percentages al pass decided 
reduction takes place. This is best shown 
by Chart 4. 


} 


Extreme hardness may be obtained m 
he 


chromium steels as the chromium inten 
sifies the sensitiveness of the metal to 
;uenching, and greatly reduces the ha 
lity of fracture which is found m cat 
bon steels. With 2 per cent. of chromium 
1 is very difficult to cut cold; with 
higher percentages than this’ it is impos 
sible to finish it with machine tools ex 
cept by grinding 

Chromium steel practically shows no 
grain or fiber and possesses a high power 
f resistance to shocks This has made 
it almost universally used for armo1 
plate 

When chromium is combined with 
nickel or vanadium it makes the strong 
est and best wearing steel on the market 
and it can be machined and forged much 


Percentage of Carbon 


0.71 1.27 
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determined definitely, but the molyb- 
denum tools seemed to run at their 
highest cutting speeds when heat-treated 
at a lower temperature than the tungsten 
steels. This would indicate that the heat- 
treating would require more skill in judg- 
ing the temperature as it is very difficult 
to judge a definite temperature by the 
color of the steel after it has passed a 
yellow. 

Molybdenum also has a tendency to 
make the steel more brittle and, there- 
fore, weaker in the body as well as giving 
it a tendency to fire crack, which is a 


serious defect in tool steel 


CHROMIUM 
Chromium gives to steel a brittle hard 
ness and refines the grain remarkably, ow 
ing to its tendency to prevent the de 
velopment of the crystalline structure; 
but it gives no self-hardening properties 
itthough it is the element which in com 
bination with t 


ingsten produces the qual- 
ity of “red-hardness.” 

Chromium added to steel in percentages 
ip to five increases the tensile strength 
nd elastic limit of hardened steel. In 


more easily than when chromium alone is 
used. Small gears can be made with these 
alloying materials added to steel, that tf 
properly heat-treated, will be sotough and 
strong as to make it almost impossible 
to break out a tooth, even with a sledge 
hammer. Some of the best grades of 
chrome-nickel or chrome-vanadium steel 
contain from 0.75 to 1.50 per cent. of 
If more than this is used the 
metal is too brittle and hard to keep the 


chromium. 


high strengths which are given by the 
lower percentages. The carbon content 
of these steels is also kept comparatively 
low. <A percentage of 0.45 of carbo: 
makes these steels about as hard as ca? 
be cut with machine tools, even when 
thoroughly annealed Many of thes 
steels contain only 0.25 per cent. of car 
bon as the chromium gives the metal 

hardness similar to that given by carbo 
but one which makes the cohesion of the 
molecules greater. This makes the metal 
much more homogeneous and gives it the 
’ 


ability to resist shock and _ torsiona 


stresses. Thus, this alloy is one of th 
best steels for crank-shafts of internal 


combustion engines or other parts of m. 
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20, 


chinery which have to withstand similar 


stresses 


vibrational 


The nicke] chrome steels re difficult 
to forge as it is dangerous hammer 
the: } afte: the tenmiperature has dré ppea 
below that which makes the etal 
bright yellow It must be heat m \ 
times tft lorge pieces OI any Si I 
intricate shapes Lhe irome-va 1 

é howeve! more difficult t 
Torge ¢ macnl tl tne oO per cent 

irbor l ( steels tor art 
plate are made with the chromium con 
ent ab 2 per cent., while as high as 
6 per cent. 1s used in some of the high 
speed steels when the tungsten or molyl 
denum content is high 

VANADIUM 

Vatiadium has made great strides i: 

the past few vears as an alloying element 


and is used in steel castings and cast iron 


as well as in steel mill products. In one 
respect it is similar to carbon in that 
very small percentages give the desired 
results. It is used in percentages vary- 


ing from 0.16 to 0.18 for the moving parts 
f machinery and springs, while for case 
hardening steel 0.12 per cent. is sufficient 
In high-speed steels it has given good re 
sults in percentages of from 0.28 to 0.32 


lf used Im te I vwantity t dvnat 


ically poisons the metal, and the dynamic 
qualities for 


vanadium _ steels 


rendered 


which 


are noted are no better than, 


if as good as the ordinary carbon steels 
Vanadium has the property of elusive 
It has an af- 


finity for oxygen and oxidizes out of the 


ness to a marked degree. 


steel whenever it comes in contact with 
this element Therefore, it has to be 
handled carefully by the steelmakers in 
order to keep it in the finished metal 
Vanadium contains within itself no 
virtues but it acts as a physic on othe: 
elements and is a powerful medicine. It 


gives the best results in the quarternary 


steels such as vanadium-chromium-man 
ganese-carbon, vanadium-nickel-manga- 
nese-carbon and vanadium-tungster 


chromium-carbon 


Vanadium renders possible the natural 
formation of the sorbitic structure which 
makes the steel better able to withstand 
wear and erosion. It retards the segr 
gation of the carbides, which renders 
steel susceptible of great improvements 
| heat-treating and 1 gives ti steel 
g-cater  self-lub ting properties thi 

er el het ll 
\\ ] 1 V: I in prod ce d 
ss mec 1 wel chi ically 

1 toughens ‘tl : by act 
] Sit O71 tl « . 1g edie t 

ising tl 1 ilar cohesi 

As all substances deteriorate in time, 

r, in other words, reach the end of their 
career and die we hear many terms ap 

ied to steel, such as “mysterious fail- 

re,” “fatigue,” “sudden rupture,” etc., 
which in reality mean tl nd of the life 


AMERICAN MACHINIST 


f the molecules at the poimt of rupture 

his is commonly called crystallization as 
nolecules « { re to on 

th nd form into copic crystals 


, ee 
decided 


nn ce { thes | re ol steel by 
I ot molec nger life. This 
tc al 
{ l esistar I 
{ St Css i & STress¢ ~ 
nple repea ternating impacts, 
1 Cal | ( I the other el 
vents. Vanad emoves nitrogei 
yhicl] is Vet I Steel evel 
infinitesin tities It also 
ghens the cons t called pearlite 
id, when used n combination with 
hromium, reduces the brittle hardness 
viven to steel by this element, so that 1 
an be machined 1 fore 1 as isily 
} : ] + 1 
ordinary carbon steel 


m-chrome 


While the cost of \ adiu 


und one 


teel is from 6 to I ts per p 

rm, which builds gasolene engines, 
claims that it is no more expensive in 
actual practice than carbon steel, and Js 


much cheaper than nickel steel, owing to 





the ease with which it is machined and 
Perce 
0.15 0.20 0.2% 
Xv 
" y ie Fe 
i + ee i 
— 
Ses bs > 
1 2 
Percen 
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forged, the lighter weight of the parts, 
owing to 1 the 
greater accuracy obtainable, owing to the 


its great strength, and 


uniformity of the metal 


Vanadium steel is used for 


largely 
crank-shafts, connecting rods, piston rods, 


axles, crank-pins, gears, gun _ barrels, 

springs, locomotive side frames, etc 

ALUMINUM 

Since aluminum has come into 
prominence In metallurgy it has found 
many uses and one of these is in the mak 
ing of steel. This element, however, is 
ily used as a purifier, as it adds nothing 
the strength of steel except in so far 

t removes some of the impurities 
lumi ppl the evolution otf 
‘ either by increasing the metal’s sol- 
ent power for that r by removing 
e oxyge nd th preventing the late: 
rmati carbonic oxide, or by both 
S ,OnNth! I lv de eases thx 
tendency of segregation as the aluminum 
las a quieting effect on the molten metal 
nd the carbon, phosphorus and sulphur 
form compounds with the iron which are 
ighter than the molten metal and have 


tendency to rise to the top. Only enough 


t 


18s 
minum is used to cause this effect and 
thereafter work out of the metal. If solid 
mina 1s pl ced remain 
pended n the metal and cause a lack 
f “continul ty the meta ¢ 
thus yf str 
( , c W } ; 
i gati 
ITAN 
1 ( f ts principal action 
I t] if C and xyge 
\\ el t et oO! he 
r elem mb with oxygen 
1 ¢ tendency remove it, 
it it 1s not as strong as som f the 
ments in this respect. Its action 
itrogel rpasst ! f the 
other elements whi een expel 
mented with. With this it forms titan 
ium-nitride, which shows as tiny red 
crystals under the microscop This ni 
tride prevents the format of blow 
holes and thus produces solid ingots, and 
the “pipe” is thus much smaller and flat 
ve Carbo 
0.22 
—— 
3 ; 5 ‘ 
age of Aluminum 
ALUMINUM ON STEEI 
Due to this removal of oxygen and 
nitrogen the physical properties are im- 
proved and the density is increased. The 
tensile strength, transverse strength and 
resistance to shock are also much in 


creased which may place titanium in com 
petition with vanadium if future experi 


ments improve on the good results al 
ready obtained 

Titanium increases the hardness, break 
ng strains and wearing qualities of the 
chill in cast-iron car whe d similar 
rod 1 1 ] I ipre \ 
teel rat so that it may give us a steel 
that w t t wi s caused by 

so-callec mysterious failures” met 

vith the rai yuntry 

ik xperiment g made or 
rucib ind ol ste itanlum as 
ie of the ying elements lt seems 

give tl best result ] percentages of 
Iror 0.10 tf 0.50 

OTHER ALLOYING ELEMENTS 

Some tin steels have been made. These 
cannot be rolled, if there be more than 
1 per cent. of tin present; they are ex 
tremely hard and brittle Annealing has 


the same effect upon these as upon the 











186 
ordinary steels; there is in no case pre 
cipitation of the carbon in the state of 
graphite. Hardening produces martensite 
only where there is pearlite beforehand; 


solufion 


of iron does not dissolve the carbon 


it seems that the ferro-stannide 


In the matter of cobalt-iron alloys, 
investigations up to’ a cobalt percentage 
of 60 have been made. The mechanica! 
properties were but little modified in 


these, but the breaking strength and the 


elastic limit cross slowly, while the elon- 
gation and the reduction in cross-section 
Che cobalt 


are inversely modified steels 


have industrial interest and do _ not 


Heat 


Annealing, 
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present any of the qualities of the nickel 
steels 
steels enters into 


In general, cobalt in 


solution in the iron, and the carbon ex- 
at least in the range of the 


ists therein 


experiments made—in the shape of iron 
The 
these do not 
industrial application thereof; they show 


carbide mechanical properties of 


steels seem to promise any 


very clearly the marked difference be- 


tween tin, titanium and silicium steels on 
the one hand, and nickel and cobalt steels 
on the other 

a great affinity for oxygen 


Boron has 


and combines with it in the form of boric 





Treatment 


Hardening, Tempering and Carbonizing with the 
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acid which is a strong flux. It appears 
to be a promising element for experiment 
ing with as the materials from which it 
is made are cheap and it should be pro- 
duced at a reasonable price. 

Calcium also from its chemical compo 
sition would indicate that it would act as 
a remover of oxygen and it might have 
the removal of phos- 
phorus and sulphur. The metal melts 
easily and could be readily mixed wiih 


some action on 


the steel 


Uranium has also been used iv tocol 


steels, but did not give the results ci- 
tained by other elements; thus its use has 
heen very limited. 


of Steel 


Changes in Structure Shown by the Microscope and Its Effect 





ln working steels it 1s very impcriant 


that they be properly heat-treated, as poor 


workmanship in this regard will produce 
working parts that are not good even 
though the stock used be the highest 
grade of steel that is procurable And 


yy improperly heat-treating them it is 


possible to make high-grade steels more 
brittle and less able to support a load or 
withstand stresses than ordinary carbon 
steels \ll 


strength, elastic 


steels are improved m ten 


limit, elongation or 


sile 


reduction of area by annealing, hardening 


ir tempering them lhe different treat- 
ments are divided into’ three distinct 
classes, the first of which is hardening, 


1 
thie SEC mal 


the third 


annealing and reheating, and 


case-hardening, carbonizing or 
emcnting 

lhe theory of heat treatment rests upon 
the influence of the rate of cooling on cer- 
structure oO 


, 
the 


tain molecular changes in 


curring at different temperatures in 


solid state. These changes are of two 
classes, critical and progressive; the for 
mer occur periodically between certain 
narrow temperature limits, while the lat 


ter proceed gradually with the rise in 


temperature, each change producing alter- 


ation n the phvsical characteristics By 
controlling the rate of cooling, these 
changes can be given a permanent set, 
nd the physical characteristics can thus 


be made different from those in the niet 


in its normal state 


Factors WuicH INFLUENCE ResuLrs 


influenced by 
First, the 


Che results obtained are 


certain factors as follows: 


chemical and physical properties 


f the metal; second, the composition of 
he gases and other substances which 
come in contact with the metal in heating 
and cooling. Third, the time in which tre 


temperature is raised between certair de 


grees, or the temperature-rise cufve. 


highest temperature attamed 
the 


temperatiirc. 


Fourth, the 
lifth, 
maintained at 
Sixth, the time consumed in allowing the 


the length of time meta! is 


the highest 
temperature to fall to atmospheric, or the 
temperature-drop curve 
Che third and sixth are also influenced 
by the size and shape of the piece ; by the 
difference in temperature between it and 
the heating and cooling mediums; by the 
thermal capacity and conductivity of the 
latter, each of which 


may vary widely 


within the temperature range to which 


it will be subjected 
lhe tirst, 


hut elements « 


second, third and fourth are 


ft the heating process, and 


the sixth of the cooling. The method of 
heating the alloy steels is very important, 


as mechanical 


injuries are liable to occur, 
in the external layers of the metal as well 
a too rapid rise in 


the start. 


as the internal, from 


the temperature, especially at 


HigHest SAFE TEMPERATURE 


he highest temperature that it is safe 


to submit a steel to for heat-treating js 


governed by the chemical composition of 


the steel, and this temperature should be 


ibout 40 degrees Fahrenheit above the 
highest point of transformation in the 


: : 
Thus pure carbon stcel 


ste el considered 
should be 


iahrenheit, while some of the high-grade 


raised to about 


1650 degrees 


oy steels may safely be raised to 1750 


degrees Fahrenheit, and the high-speed 
steels may be raised to just below the 
melting point. It is necessary to raise 


the metal to these points so that th 
active cooling process will have the de- 
sired effect of checking the i210n 
f the 


temperatures, In an 


crystalliz 


structure. If raised above these 


yxidizing atmosphere, 


the surface of the piece be comes Cc vered 


with a scale of iron oxide and oxida- 


extends to the elements combined 


the 
When these oxides 


tion 
with iron. 
remain within the 
metal, they tend to form a film of separ 
ation between the metallic grains, thus de 
stroying the cohesion between them, and 
the metal is said to be burned. After 
burning, it cannot be brouglit back to its 
former strength without remelting if 
the temperature is maiutained within the 
crystallogenic zone, disaggregation pro 
ceeds, so that the longer it is subjected to 
this temperature and the higher the tem 
perature the less homogeneous it becomes 
and the coarser its grain after quenching. 
Steel in this state is called overheated. It 
can be partially returned to its former 
strength by repeated forging above the 
critical temperature, followed by positive 
quenching or it may be restored by a 
proper method of heat-treating. 
When, as the 
has become coarsened by ov:rheating it 
must be refined again to bring it back to 
io do this it is 


always happens, grain 


its original condition 
necessary to heat the metal to the point 
where a new crystal-size 1s borin as the 
the 
growth of the crystals and these crystals 


coarsening of grain is merely a 


grow with every increase in the temper 
ature above the point necessary for hard- 
ening or annealing 


[f we barely pass the degree of temper- 


ture at which this new crystal-size 1s 
born we will obtain the smallest grain 
size that the steel is capable of. This 


varies with the carbon con 


The higher the per- 


temperature 


tent of the steel 


centage of carbon the lower the degre 


of temperture that will be required; 
law-carbon steel must be heated to 1050 
degrees Fahrenheit, a 0.40 per cent. car 


bon steel to 1475 degrees Fahrenheit, and 


Some of the special alloying ma- 


so on 
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terials also effect this temperature as well 
as the size of the grain. 


FURNACES AND THEIR FUELS 


Owing to the nature of most steels 


they must be handled very 
the processes of annealing, hardening and 


carefully in 


tempering; for this reason much special 
apparatus has been installed in the past 
few years to aid in performing these op- 
erations with definite results 

This apparatus is divided into two dis 
tinct that is, the apparatus for 
heating the metal, and that for cooling. 
four methods 
solid 


liquid fuel, gaseous fuel and electricity. 


classes, 
In heating the metal are 
used, namely, furnaces using fuel, 
Furnaces using solid fuel such as coal, 
are the most numer 


the 


coke, charcoal, etc., 


ous and have been used longest. 


These furnaces consist of a grate to place 


the fuel on, an arch to reflect the heat 
and a plate to put the pieces on. The 
plate should be so arranged that the 
flames will not strike the pieces to be 
heated, and for that reason some u 

cast-iron or clay retorts which are open 


on the side toward the doors of the fur 


nace. In this manner the work is pro 
tected, to a large extent from the pro 
ducts of combustion which are liable to 
cause oxidation, sulphuration, etc., and 
thus destroy the surfaces of the work 


The doors shor 


rapidly, so as to keep the cold air out of 


ld open and close very 


the furnace and facilitate the manipula- 


tion of the work For these reasons a 
furnace of the design similar to that 
shown in Fig. 7 is used considerably ow 
ing to its having sliding doors. with 
weights to counterbalance them. 


The 


nace 15S 


disadvantage of this style of fur 
that it 
keep a constant 


is almost impossible to 
temperature, and as a 
chimney must be provided, much heat is 
lost through that. By not being able to 
keep a constant temperature it is impos- 
sible to the heat 
meter and the heat must be judged en 


measure with a pyro- 


tirely by the color as seen with the cye 
which makes the results depend entirely 
on the skill and experience of the work- 
man. Also the atmospheric air and gases 
generated by the combustibles or a com 


bination of both come in contact with the 


white hot metal These are liable to 
cause the metal to lose some of its carbon 
content, especially at corners or on thin 
delicate sections, from the oxidizing in 


fluence of the oxygen in the air or other 


causes. The combustibles are also liable 
to contain injurious ingredients, such as 


sulphur which are liable to enter the steel. 


Liouip FueEts 


the above that is 


those which have open fires, which use 


Furnaces of type, 


fuels are not numerous at 


liquid 
present, but are being increased in num- 
ber every day, the with 
which the fire is handled and their clean- 


very 


owing to ease 
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liness over the coal, coke or charcoal fire. 


Crude oil and kerosene are the fuels gen- 
erally used in these furnaces owing to 
their cheapness and the fact that they can 
everywhere. These 


tank 
pumped to them or 


be obtained nearly 


usually st 


fuels are red in a near 


the 
flow by force of 


furnaces and are 


gravity Between the 


tank and furnace is located a coil of pipe 


through which the fuel flows and over 
which a stream of water is flowing to 
keep the liquid at a low, even temper- 
ature when it enters the burners, which 


are located in the furnace 

With this fuel hardly any work is re 
quired to keep up the fires as they can 
be lighted in the morning and the temper- 
ature regulated by the turning of a few 
valves and cocks. A 
thus be kept in 


the 


more even temper- 
the 
but the open- 
ing of the doors to handle the work re- 


ature can furnace 


than with solid fuels, 


furnace the 


duces the temperature of the 











FIG, 7 HARD FUEI FURNACE FOR HEAT 


TREATING STEEI 
The action 
the 


same as with the solid fuels 
of the gases of the combustibles, or 
the atmosphere, in attacking 


dis 


oxygen of 
the 


advantages 


white hot metal gives the same 


IDS 


Furnaces using liquid for heating con- 


HEATING IN 


sist of a receptable to hold the liquid, 


which is heated by coal, oil, gas or any 


other economical means; the liquid is 


kept at the highest temperature to which 
Che 


an ordinary 


the piece should be heated piece 


should be heated slowly in 
after which 
it should be immerset in the liquid bath 
and kept there long enough to attain the 
bath then re- 


or hardened 


furnace to about 800 degrees, 


temperature of the and 


moved to be annealed 
The bath usually consists of lead, ai 
though cyanate of 


chloride of barium, 


antimony, potassium, 


a mixture of chloride 


§ barium and chloride of potassium in 


the proportion of 3 to mercury, com 
mon salt and metallic salts have been 
used successfully 

[This method gives good results, as no 
portion of the piece to be treated can 
reach a temperature above that of the 
liquid pyrometer attachment will 
indicate exactly when the piece has ar 
rived at that temperature, and its surface 
cannot be acted upon chemically Che 
bath can be maintained easily at the 


proper temperature and the entire process 


is under perfect control 
When 


to the steel and retard the cooling of the 


lead is used it is liable to stick 


spots where it adheres. Impurities such 


as sulphur, etc., are liable to be absorbed 
by the steel and thus alter its chemical 
composition With temperatures 
lead and cyanate of potassium throw off 
poisonous vapors which make them pro 
hibitive, and even at comparatively low 


high 


temper are detrimental 


to the health of the workmen in the hard 


ifures These \ ipors 


Che metallic salts, however, 


ening room 
do not give off these poisonous vapors 
hence are much better to use for this pur 
pose, but many times the fumes at 
nbearabl 
GASES FOR FUELS 

Furnaces using gaseous fuel are very 
numerou nd are constructed so they 
can use either natural gas, artificial gas, 
or producer gas. lhey are very easy to 
regulate and if well built are capable of 
maintaining a constant temperature with 
in a wide rang 


furnace is 
fur 


ral or producer gas 


] 


In first cost this style of 


greatel than that of the solid fuel 


but where natu 


is used the cost of operating is so much 
less that the saving soon pays for the 
cost of installation Artificial gas, how 
ever, is more expensive th the solid 


fuels and is only used where high-grade 


work demands the best results from heat 
treatment Producer-gas furnaces may 
supplied with gas from a central pro 


ducer plant or may have a separate pro 
ducer of their own. The latter is only 
economical when large furnaces or a 
number of small ones are required to 
turn out the work 

By using special apparatus a large por 
tion of the heat, which is carried away 


‘ther furnaces, is saved 


of combus 


in the chimney of 


ind utilized in heating the air 
tion which is admitted to the furnace 


Results which are very uniform are ob 


" 
tamed 


with the gas furnaces and i Is 


much easier to maintain a constant tan 


verature with liquid baths than in a solid 
| | 


‘rr a metal retort may be 


fuel furnace 
rk in for the purpose 
the 
assurance that 


used to place the we 
| keeping it away from gases oO! 


combust with a greater 


the work in it will be raised to the proper 
temperature and maintained at an even 


temperature for a given length of time 
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Pyrometers can be used very easily to. the metallic salt baths seem to be tl the steel always appears smooti Che 
the heat with this style of fur most appropriate. These salts completely formation of scale is entir prevented 

ra Thus definite results may be ol prevent contact between the white hot even after te mpering 
tained in the degre f temperature with teel and the air during the heating, as The source of heat being inside the 
dep 1g ) he skill or knowledax we as during th passag t tn juench bath in this furnace the eat is evenly 
of the workman to as great an extent as ng bath. The steel being uniformly « distributed and the temperature of the 
witl tl furnaces using coal, coke or ered with a protective coat of the salts ath R ifor rougnout every art 

; yath 1s uniform throughot y | 

” : CUFENG WC PRSsage Of TRE Pecel SFO the f it. High temperatures are as readily 
’ immace to the quenching bath. On im obtained and with as little watchfulness 
niin -aieing mersion in the cooling liquid this coating 4s relatively low ones, which makes it 
While the cost of electricity as a fuel immediately leaves it and the surface Of acy to determine the te mperatures de- 





sired in heat-treating the steel. 

The pyrometer can be used success- 
fully in measuring the temperature of the 
bath. As the current traversing the bath 
varies, the temperature and the prim 
current remain constant. One careful 
determination with the pyrometer ts 





enough to afterward judge the temper 


ature of the bath entirely by the current 


This style of furnace requires from 15 
to 40 minutes to start according to the 
size. The cold furnace can be started by 
passing the current through a piece of 
carbon until this becomes white hot and 
melts the surrounding salt which then 
becomes conductive and in turn melts the 





whole mass. When finished using the 
current is shut off and the salt bath can 
be kept molten for a long time by putting 
a cover over it. 


APPARATUS FOR COOLING 














The cooling apparatus is divided into 
FIG. 8. EXPERIMENTAL ELECTRIC FURNACE FOR HEAT-TREATING STEEL two classes, that is, baths for hardening 





for heating furnaces is probably greater 
than that of any of the others, the results 
obtained by its use in heat-treating steel 





are better than that of any known 
method 

The electric furnaces might be placed 
in two classes; namely, those which use 
electrodes and those which have the re 
ceptacle wound with platinum, nickel or 
ferro-nickel wire which is covered with 
some product that will protect it from 
silication due to the silicates of the re 
ceptacle, calctum aluminate being one of 
these 


3oth of these furnaces are lined with 





some refractory material, but the latter is 
not practical for large furnaces, hence: 
is used for very small work or for e» 
perimental purposes. This style of fur 
nace is shown in Fig. 8 

In Figs. 9 and 10 is shown an electric 
furnace in which the elect les are used 


as a magnet to hold the work until it 
reache ; the point ot recale scence which is 
non-magnetic Th magnetic attraction 
is then broken and tl work can drop 


into a bath for quenching. This will give 
it the greatest hardn it is possible t 
give the steel and at the same time make 
the grain as fine and the molecules as ad- 
hesive as they can be made by heat 


treatment 





Electric furnaces similar to that shown 








in Fig. 11 are used to heat the liquid ! eeintoansesiinnisonnmiantes 


baths described above. In this furnac FIG. 9. MAGNETIC FURNACE FOR HARDENING STEEL 
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and th ifferent apphances tor an- pipe connecting it to tl pply ma \ throug! pickling ba after 
nealing n outlet into the drain and thus. it has been quenched 

‘ The baths 1 quenching are composed have a steady flow through the bath With mar steels a dual quenching 
arge variety of materials. Some of Where a large an nt of work is done s the t results, that 1s, the met 


the more commonly used are as tollows nd the wat 


being arranged according to their inten- in cities, this might 


l ght nore expensive then immersed in the se 
sity on 0.85 per cent. carbon steel: Mer han having a large tank at an ele\ til completely cooled, or it ma 
cury; water with sulphuric acid added; ove the bath and a pump to force tl uir af eing q cl 
nitrate of potassium; sal ammoniac; com water 1 t vat \ tl for t 1 lead batl 
mon salt; carbonate of lime; carbonate of ind over again rop hnperature 1S 
magnesia; pure water; water contaiming his flowing of the liquid would do metit | for the first quenching 
soap, sugar, dextrine or alcohol; sweet away with the necessity of agitating th: 


k; various oils; beef suet; tallow; steel in the bath, as when it is of the \P FOR ANNEALIN 
owing to the 
ler all conditions with the same rela tlow! liquid rryil \ tl 


2 quid Carrying iwa 1K oOating 


war hese baths, however, do not act ordinary stationary kind 


tive intensity, as their conductivity and f vapor which is liable to form around 


viscosity vary greatly with the temper piece and _ prevents its cooling =a a 

ature, and their curves of intensity are rapidly )} 
therefore very irregular and cross each A hole in the center of the bottom with | ] 
other frequently in outlet on top is not a very good a1 


With the exception of the oils and some’ rangement as the cool current. striking 


{f the greases, the quenching effect in the bottom side of the piece 1s liable to | | 


cause it to warp. If the cool liquid 's 
) taken in at the bottom it should be taken 
in through several openings. A 


voor 
gt GU 


| 
| method is to have the inlet covered |p rs 

















fn =f vith a spherical piece of sheet metal 
iif } punched full of small holes that would 
| 
D deliver the liquid in fine streams similar 
to that of a sprinkling can. This would 
send the cool liquid to all parts of th 
- nd the co ] 1 I ¥. 
bath 
Y : \ still better arrangement would Db 
Lo eee sess (1) - 
k . to have an extra inner wall with a large 


. 1} number of fine holes punched in the side | 


i 
n 


* ind solid at the bottor This would 


ause the cool li t low in from ail! 
‘ 


sides which wi g th th a com 
| Hh y P 
= i let r1¢ t p { i . 
———— ess irregularit f temperature and would | . 


i therefor reduce the tendency of the ' a 
6 











pieces to spring or warp from not cooling 
HROUGH FI lv on all 
Wit 1d Wate ! | 
5 nperature of t thod is not | wing to the large 
ywers. Sper inseed oils, however lu ( for the batl | 
all tempe I etween 32 and 250 its conseq gh « gal : Seeman diiaaet eames -| 
ores ‘ . ill sses fron might be t | { | 
wate! 10 grees gt For tl wat 
The b for hardening which g he jac! pt ind — 
est res thos I tea rent of wat ept flowing NACI 
means are provided for keeping the liquid through it or the batl | be fitted wit 
an ven temperature Of course a coil of pi the bottom and around ( for q ing, 
where but few pieces are to be quenched, 1! ides thi whicl irculation of nd wher few year go the ashes 
ra consid ible time ¢€ lapses between the old water could en ntained and thus were n 
juenching of pieces, the bath will retain keep the bath radiation Another perly annealit 
atmospheric temperature from its own meth vhicl ed successfully f many sp prep 
atural radiatio1 Where a bath is in s to blow pray f air through the ! factured 
mtinuous use, tor quenching a large bath ft I milar to the p 
imber of pieces throughout the day, iethod used vessemer « rte ed for 
me means must be provided to keep n molten ste¢ | harred 
temperature of the bath at a low even With many class f work a bath I me, saw 
mperature Che hot pieces from the whose liquid is stationary and has no me t re cl magnesia or re 
iting furnace will raise the temper chanical meat oling, can be used to be annealed 
ture of the bath many degrees, and the having the me of the bath larg: s usually pack 1 cast-iron box 
ist piece quenched will not be nearly as enough to work off the heat left by the milar to Fi 2 ing some of these 
rd as the first. neching of the ( Batl f th t tions of them for the 
haracter ar¢ ometimes fitted with a _ packing, tl yl is then heated in a fur 
MeETHO! F KEEPING BatHs CooL movi plat ‘ ] 


ving plattorm whi carries the work e to t r temperature and 
When plain water is used it is easy to through the bath and out of it after cool ide, wit r left on, to cool grad 
ep the bat ool by providing it with ing sufficiently. Some of th 


> ry ' 
I I i@se a ( 
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For certain grades of steel these ma- 
terials give good results; but for all kinds 
of steels and for all grades of annealing, 
the slow-cooling furnace no doubt gives 
the best satisfaction, as the temperature 
can be easily raised to the right point, 
kept there as long as necessary, and then 


regulated to cool down as slowly as is 


, pS 
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rit [2 CAST-IRON BOX FOR ANNEALING 
desired. The gas, oil or electric furnaces 
are the easiest to handle and regulat: 
Annealing Steel 
Tueory, Metruops, MATerrALs USEp AND 


\PPLICATION 

The annealing of steel consists of the 
thermal treatment used in carrying it 
above the temperature at which its high 
est point of transiormation occurs, and 
then allowing it to cool gradually. This 
point of transformation is that at which 
the steel becomes non-magnetic and its 
physical structure changes. If a pyro 
meter 1s used to measure the tempera- 
ture of the steel in heating or cooling, it 
will show a point at which the rapid 
change in temperature ceases for a time 
and the recording chart will show a lite 
nearly at right angles to that of the rise 
or fall curve. At this point the change 
in structure of the metal ceases until all 
the molecules have become’ thoroughly 
non-magnetic and a new crystal-size of 
grain 1s born Chis refines any large or 
coarse crystals which may have been pro 
duced in the steel by former methods of 
heating or working This change in 
structure releases any strains which ma; 
have been set up in the metal and allows 
them to readjust themselves so that they 
are equalt ed throughout all parts of the 
piece 

Chis temperature of the point of trans 
formation varies considerably in differ- 
ent steels his is shown by Chart 6, 


which w plotted from a recording py 


rometer chart 

\nother operation is sometimes called 
annealing, that is, that of partially de 
stroying the effects of sudden cooling or 
quenching. In this the annealing temper 
ature 1s kept below the highest point of 
transformation Chis operation is mor 
properly namec tempering and will be 
dealt with under that title 

\s a general rule all steel sh ld be 
annealed after every process in manufac- 


turing which tends to throw it out of its 
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equilibrium, such as forging, rolling and 
rough machining, so as to return it to 
its natural state of repose. It should also 
be annealed before quenching, case-hard- 
ening or carbonizing. 


Errect ON HAMMERED STEEL 

Should we start with an annealed cr 
freshly poured ingot of steel and subject 
it to a hammering process such as forg- 
ing, the hammering will have a tendency 
to crush the crystals forming the mass of 
the metal, whether it be hammered hot or 
cold. This will bring the particles of the 
metal closer together, but there is a limit 
to the increase in the density which can be 
attained in this manner as a great de- 
formation is eventually given the metal. 

This metal is called “hammer-hard” 
and a large number of metals will show 
about twice the tensile strength after be- 
ing hammered to the limit of compres- 
sion that they will when in the normal 
State 

The limit of compression, however, 1s 
difficult to gage and if the limit is passed 
as it usually is in practice, the hammering 
is liable to cause coarser crystals to form 
where it has squeezed out from under the 
hammer blows. To remove this crystal 
lization and refine the grain, annealing 
has to be resorted to. 

Thus certain laws have been form- 
ulated which hold good on _ annealing- 
hammered metal and these are as 


follows: 
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Third, above a certain temperature, an- 
nealing is practically complete; the ten- 
sile strength has reached the minimum 
value possible for the metal and a re- 
newed increase in temperature does not 
produce any new reduction. 

Beginning with this temperature an- 
other change may take place which has 
been named “crystallization of annealing.” 
This phenomenon becomes more _ pro- 
nounced with the duration of the an- 
nealing process and has for its effects the 
diminishing of the reduction of area. If 
very pronounced the reduction entirely 
disappears, simultaneously with the tensile 
strength and the elongation. 

Another phenomenon might be men- 
tioned here and that is spontaneous an- 
nealing. Thus if hardened steel be left 
to itself it will anneal of itself, the 
only factor entering into this phenomenon 
heing time. As this time, however, covers 
such a long period and the annealing pro- 
cess is such a slow one the principle is 
of no importance from a practical stand- 


point 


PRACTICAL RULES 


From the above may be deduced three 
practical rules to adopt in annealing steel, 
these being: 

First, a quenched or hammered piece 
must be heated to a temperature above its 
highest point of transformation, but as 
close to this point as possible. 

Second, this temperature must be re- 

















16 14 hk 10 s 6 4 2 
Time in Minutes 


lirst: Annealing is not an instantan- 
eous phenomenon; its effects become ac- 
centuated in proportion to its duration, 
thus being rapid at the start and becoming 
slower ind slower; the decrease in the 
hammer hardness tends toward a fixed 
imit for each temperature. 

Second, the higher the annealing tem- 
perature, the lower will be the limit to 
ward which hammer hardness tends; in 
practice the more rapidly will this limit 


attained. 


16 14 12 10 8 6 4 2 0 


Time in Minutes 


() 


tained long enough to allow the entire 
piece to reach an even temperature, but 
it must not be prolonged beyond it 

Chird, the rate of cooling must be suf- 
ficiently slow to prevent any hardening 
taking place, not even superficial hard 
ening. 

In applying these rules we find that ex- 
tra low-carbon steel should be annealed 
at 1650 degrees 
high-carbon steels at 1375 degrees. The 


Fahrenheit and extra 


time of annealing varies with the size and 
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shape of the piece as well as with the 
work which it has to perform. The more 
this the 
the annealing process. 


important work is, more pro- 
longed should be 
Intricate pieces with thin and thick sec 
tions have to be handled with extra care, 
and sometimes materials are brought into 
use to retard the cooling of the thin sec- 
tion faster than the thick one, as ordin- 
a thin section will cool quickly in 
the thick 


sequently be that much harder. 


arily 


comparison with one and con- 


fo insure slow cooling, when a slow 


cooling furnace is not obtainable, the 
work should be packed in some non-« 
bonizing material, in an iron box lined 


with fire brick similar to the one shown 
by Fig. 12. The 

1eated in a furnace 
floor to cool as the thickness of the ma 


This will 


also tend to prevent the pieces from scal- 


whole can 
and set out 01 


terials prevents rapid cooling 


; , 
ing as they do not come in contact with 
the oxidizing influences of the atmos- 
phere. When the temperatur f the 


pieces has dropp¢ d to 550 degrees lf ahren- 


heit they may be removed from the box 


] 


as the annealing process has ceased, and 


there will be no danger of their air 


hardening 


Wuy High TEMPERATURES ARE HARMFUL 


\s it is generally agreed upon that 


steel should not be heated much above the 


point of transformation in the annealing 


process it would be well to give the rea- 


sons. The nine laws formulated by Prof. 
H. M. Howe, of Columbia University, 
after many tests by himself and others 


cover the ground so thoroughly that they 
re here given 
l‘irst law: When a given steel is heated 
to a temperature above the highest point 
of transformation the 


grain assumes 42 


definite size characteristic of the temper- 
ature. We call this the normal size 


Second law: The size of the grain in 
creases in proportion to the temperature 
counted from the highest point of trai 
formation 

Third 
perature is 
the 
In other words 


| he 
the 


law influence of the tem 


more pronounced the 


greater carbon component of th 
steel 
nealing temperature the normal grain of 


the the the 


for the same an 


steel is coarser, greater car 


bon component 


Fourth law: If a steel is raised to a 


temperature above its highest point of 


transformation and if in consequence of 


previous treatment the steel possesses a 
finer grain than the normal, the grain of 
1 becomes until it is 


the meta coarser 


equal to the normal grain 


Fifth 


grain for any 


law: In order to attain the nor 


temperature, the metal 


must be maintained at this temperature 


for some time 


Sixth law: If the metal is heated to a 


certain temperature and has assumed the 


normal grain for this temperature, and 
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somewhat 
the 
the 
the metal 


maintained at a 
but still 


transformation, the size of 


if it is then 


lower temperature, above 


point of 
reduced, provided 


grain is not 


is not reduced below the point of 


transformation 


lo illustrate this steel is carried to 
2200 degrees Fahrenheit; the grain then 
becomes of the size characteristic of this 
temperature; if the temperature is then 


lowered to legrees there will be no 


IOSO ¢ 


change in the size of the grain. It would 


be quite different, however, if instead of 


cooling the metal directly to 1650 de 
grees it had been cooled down to 925 
degrees, which is much below the point 
f transformation and then re-heated to 
1050 degrees 

Seventh law: If the temperature of a 


steel remains below the point of trans 
formation its grain does not chang 


Eighth law: If a steel is cooled slowly 


ifter having been heated to above its 
point of transformation, it possesses sub 
stantially the same grai s that which 
t possessed at the maximum temperature 


Ninth law: From this it may be de 


duced that the grain of metal after an- 


nealing is the coarser the higher the 
temperature to which it has been raised 
is above the point of transformation 

I-FFECT OF ANNEALING ON THE STRENGTH 


While the relati 


innealing temperature and t 


n existing between the 
he mechanical 


properties has not been fully determined, 


enough is known to establish certain 
rules which are bene cial 


Way \ 


In a practical 


coarse-grained metal is more 


braitth than a tin grained, nd therefore 
iv change in the size of the grain will 
ffect the strength of the steel 


As the 


nnealing temperature size of 


he grain, a steel that is heated to a va 


riable temperature and slowly cooled will 


ilter its mechanical properties about as 


follows: 
l‘irst, the tensile strength slightly in 


creases with the increase in temperature 


up to 2375 degrees F., after which it rap- 


ily decreases This makes it 
the 


above, but 


necessary to 
keep annealing temperature a_ littl 
as close to the point of trans 
formation as possibl 
Second, the elastic limit passes through 


minimum at the highest point of trans 


formation but increases slightly when the 
mperature passes this point, and then 
ecreases as this point 1s exceeded by 175 


aqaevrTrees | [he 


to which it has been heated the 


slower it is cooled from 


will be the elastic limit 


lowe! 
Third, the elongation decreases as the 
nnealing temperature increases, and this 
decrease is very important when the tem 
perature attains 2375 degrees Fahrenheit 
With these points taken into consider 
tion it will be seen that the annealing 
if steels cannot be too carefully done if 
best results are to be obtained, and 


especially is this so of the high-grade al- 


; : 
loy steels 


which are being used more and 


more every day 


It has been shown that if the heat treat 


ment is carried out in a manner that wil! 


produce sorbite, the tensile strength is 


much higher and the elongation is slightly 


greater than when the metal is simply an 


nealed. To obtain sorbite it is necessary 


to quench above the point of transforma 


tion and then reheat to from 575 to 1300 


egrees F., according to the composition of 


the metal and the hardness desired, the: 


| i In water 
lhe furnaces used fi annealing are 
the same as those used for other heat 
treating operation nik enough pieces 
nnealed to put ina slow-cooling fur 
P litter + 


ION . STRUCTURI INFLUENCI 

F COMPOSITION AND RESULTS OpralINED 
Hardening is generally understood to 
mean the heating of the metal to a high 
temperature and then plunging it into a 


ath for the purpose of suddenly cooling 
it While this def 
most steels, a few alloying materials now 


ised reverse tn nd mak the 


nitior holds good on 


metals 


air-hardening, that is, their hardest and 


tougnest state 1s btained by a slow-cool 
ing proc rather than a sudden on 
[wo reasons might be assigned for the 
desirability of hardening steel and thes« 
are: First, to give the steel a cutting edge 


such as is required for all tools, 
static strength 


ialities of the 


cutting 
ind, seco l, to alter the 
metal so 


will give the best results for the mov 


ng parts of machinery 


In this second case steels may be al 


tered by quenching from a high temper 


iture and tempering, to an extent that 


will greatly improve their wearing qual 
ties, tensile strength, elastic limit, mag 
netic qualities or resistance to shock and 


et not be capable of attaining a hardness 


vhich will not allow a file to cut it; th 
heing the usual test of hardness applied 


in the shop lhus, general] speaking, 
Stecis lened although some 
y hay w carbon content 


therefore, it is 


lo harden ste nec 
that the ting produces a chang: 
the structut nd that the quenching 
which follows the heating will retain 2 
vhol part of the elements produced 
this change of structure It is there 
lore necessat n annealing, that the 
mperature ft the ste be raised to a 
point slightl hove the poimt of trans 

rormation 

\s the point of transtormation varies 


which are a 


vith different ingredients 


ved with teel if necessary to find out 


\ re thi point 1s in the steel to be 
dened. <A steel may be heated to 1300 
r l‘ahrenheit—which is above the 
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point of transformation in some steels 

and no change in structure will take place 
and therefore no results in hardness will 
be obtained. If the same piece is heated 
to 1650 degrees—which we will consider 
the point of 
piece—the intermolecular transformation, 


transformation in this 
which consists of the passage of the car 
bon from the combined into the dissolved 
state will take place and the steel will 
assume the hardest state it is capable of. 
if properly cooled 

(hus the factors which have an in 
fluence on the results of hardening ar 
First, the nature and composition of the 
metal; second, the temperature of the 
metal when quenched and, third, the 
nature, volume and temperature of the 
quenching batl 


MicroscopicAL EXAMINATION 


The nature of these different factors is 
shown to a large extent by quenching the 
meta it different temperatures, polishing 


the surface, attacking it with picric acid, 





F i 13. FERRITE WITH VERY THIN CONTINI 
OUS CEMENTITE SKELETON, LOW 


“ARBON. MAGNIFIED 250 


tincture , ¥ ne 
McClure Nf iodine, 


hydrofluoric acid or 


other etching materials and examining ‘t 


inder a microscop 

Steel containing less than 0.85 per cené 
carbon will show small dark masses, 1f 
tched with picric acid, which are the 
more numerous the closer the carbon con 
tent is to o85 per cent. At this per- 


centage they cover the entire surface 


These masses show alternate layers which 


are fe rrite pure iron and am iron Car 


bide called cementite Che ferrite being 
the ft mstituel f steel, it will in 
dent when polished and the cementite 
will stand out in reliet 


‘arrier for all of the al- 


loying elements in the high-grade steels 


a 
l‘errite is the 


It is the principal constituent of all steels 


and the predominating one in low-carbon 
steels. It has one peculiarity which is 
very important and that is that when 
heated to about 1400 degrees Fahrenheit 
it undergoes a sudden change which is 
It then 
loses nearly all of its power to attract 


shown by its absorption of heat. 
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a magnet as well as. changing its 
specific heat and several other properties 
No alteration, however, takes place in its 
chemical composition. The name of beta 
iron has been given to it at this point. 

If this beta iron be then heated to 


about 1650 degrees Fahrenheit it again 
shows it by absorbing heat and its prop 





14. FERRITE, WHITE, CEMENTITE, BLACK. 
MAGNIFIED 250 DIAMETERS 


erties are again changed. Here it has 
heen named gamma iron. Gamma iron 
differs from beta in the electrical con 
ductivity and is far less brittle. 

[hese changes occur both in the rise 
nd fall of the temperature and have been 
called by different metallurgists the points 
of transformation, the recalescence points 
ind the critical temperatures; all of 
which mean the same. 

Below beta iron or at atmospheric 
emperature it is called alpl Che names 
ilpha, beta and gamma are taken from 
the names of the first three letters in the 
Greek alphabet 





FERRITE MATRIX WITH SEPARATED 


FIG LS 
PEARLITE ISLANDS M AGNIFIED 


250 DIAMETERS 


Ferrite is shown in Figs. 13, 14, 15, 16 
and IQ 


CEMENTITE AND PEARLITE 
Cementite is the carbide of iron and is 


expressed by the following formula: 


FesC, which means ferrite—which is pure 


iron—-3 atoms for every one atom of 


carbon 
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It is the second constituent in import- 
ance in steel—ferrite being first—and is 
very hard and brittle. Practically all of 
the carbon is present in this form and it 
isually crystallizes in thin flat plates. 
Cementite does not exist in pure iron, 
which contains no carbon, and of itself 
contains about 6.6 per cert. of carbon 
which is about one-fifteenth of it. 

[wo extremes of cementite formation 
are shown in Figs. 13 and 14. 

Pearlite is an intimate mixture of fer- 
rite and cementite and consists in gen- 
eral of 32 parts ferrite to 5 of cementite, 
which gives it the appearance of mother 
of pearl, from which it derives its name. 
It exists in a lamellar formation, which is 
alternate plates of ferrite and cementite, 
or in a granular formation, which is in 
termingling grains of ferrite and cemen 
tite. If commercial steels were free ol 
graphite they would hold nearly fixed 
proportions of ferrite, cementite and 
pearlite, all combined, as these steels sel 
dom exceed 1.40 per cent. carbon. A 





FIG IO. FERRITE, WHITE. PEARLITE, BLACK 
MAGNIFIED 250 DIAMETERS 


ormal steel, containing 0.85 per ceni 
arbon, would then consist of 100 pe 
ent. pearlite, while below this carb 
ntent the whole carbon would be 
ided into pearlite and excess ferrite. If 
total carbon exceeds 0.85 per cent 
ind is all combined, the excess would | 
cementite instead of ferrite and the ce 
mentite would increase with the carbor 
Pearlite is shown in Figs. 15 and 16. 


MARTENSITE AND HARDENITE 

Leaving the steels which have bee 
cooled slowly, and taking up those whic 
have been quenched from a given tempe! 
ature and hardened we find that a ste 
containing about 0.85 per cent. carbon, 
heated to about 1400 degrees Fahrenhe 
and quenched, will show under the m 
croscope extremely fine lines intersectit 
each other in the direction of the side 
of an equilateral triangle. This constit: 
ent has been named martensite in hon 
of Professor Martens. It is the pri 
cipal constituent of all ordinary har 
ened steels which have a carbon conte 


above 0.16 per cent., and tempered stee 
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owe their quality of hardness to it. It 
is so hard that a needle will not scratch 
it after the metal has been polished 

In steels containing over 0.85 per cent. 
carbon the martensite is said to be sat- 


Pers 


nd shows slightly different under 


irated 





I 17 RTENSI IRMATION MAGNI 
FIED 250 DIAMETERS 

the microscop Chis has been called by 

some hardenite, which word its often used 


in Irench and German books 


Martensite is shown in Figs. 17 and 18 


SorBiTI 
Sorbite is a constituent between ce 
mentite and pearlite and chiefly differs 
from the pearlite and cementite by the 
crystals of these segregating and _ not 


quite perfectly developing. This is draw- 


ing the line pretty fine, but the sorbitic 
structure is finer than the pearlitic and 
it is considered the extreme opposite of 


The sorbitic 


necessary in 


the crystalline structure. 


cture 1s considered 
t 


tals which have to 
natural formation of this 


e resist wear and 


rosion and the 





8 NSI { AGNIFIED 
200 DIAMETE! 

I Prof. Bradley Stoughten 
€gis rendered possible by the ad 
itiol ying elements. In 
1ardened steel, sorbite is considered as 
transitio1 roi cementite to mar 

tensite. 

ry structure may be obtainca 


AMERICAN MACHINIST 

tt as rapid as thas 
of quenching, but still faster than 
for annealing; by 


when the cooling is nm 
much 
the slow co ling 
quenching immediately below, or just at 
the end of through the critical 


range; by cooling pretty fast through the 


cooling 


critical without actual quenching; 


or by rapidly cooling the steel and then 


range 


re-heating to about 1100 degrees Fahren 
heit. 
Sorbite is not clear]; 


photographs, but Fig 


defined in micro 


19 shows it fairly 
well with ferrite 
AUSTENITE 
High-carbon steels which contain over 
1.10 per cent. of carbon and are sud- 
denly cooled from a temperature of 2000 


degrees Fahrenheit, will show a constitu- 


ent in addition to martensite which 
may be distinguished from it by a dif 
ferent color. If etched with nitrate of 
ammonia, or with a 10 per cent. solu 
tion of hydrochloric acid, it will show 
white 

his constituent is softer than marte: 
site and is easily scratched with a needle 





AND SORBITE MAGNIFIED 


Fig, 19. FERRITE 


250 DIAMETERS 
It is essentially a conglomeration of fer 
been named 
Austen. 


rite and cementit It has 


austenite after Prof. Robert 


Austenite is difficult to preserve 


throughout the whole structure of the 
steel. Quenching in ath which has a 
temperature below 1 freezing point ot 
ay other means which will cool it 


rapidly will aid in preserving it. Temper 


the austenite and it is n of mu 


icul use owing to the high temper:cure 


obtained 


which it is 


Fig. 20 shows the austenite forma:ion 

| ROOSTI 
If steel is quenche luring or just 
ve its transformatior bath of lit 
tle activity, such as oil, or if it is hard- 


ened in the usual way and then tempered 
we can obtain a constituent which wall 
show jet black if polished and _ etch 
with picric acid, or if etched with a 
ture of iodine it will show’ white 


i 
This has been named troostite in nor 
of Prof. M. Troost 
Troostite is also softer than martens- 


ite as it can be scratched with a needle. 


Jt holds 


mentite or 


some ferrite, austenite or ce 


yf these and is 


ombination 
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ioind plentifully in tempered steels as 
tempering 


It shades gradually into the 


it is a product of the usual 
operations 
sorbite, but is very sharp in its divisions 
from martensite 


lroostite is shown black in Fig. 20, and 


white i 


different heat 


in change the constituents 


In subject gy § eel to 
treatments we c 


from pearlite to martensite or harderite, 


Scrbile, austenite and troostite and backs 
again through these different stages and 


b; examining them with the microscope 


we can judge very closely the treatment 


they have been subjected to 


By making these changes we also 
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change its constitution, its static strengths 
and its dynamic _propertie Chis is 
where the pract ipplication of this 
knowledge aids the engineer or designer 
in designing the moving, as well as other, 
parts of machinery so as to get the best 
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results from the smallest quantity of 
material 

EFFeEcTt OF COMPOSITION AND HARDENING 


The constitution of a given steel is no: 
the same in the hardened as in the norma] 
state owing to the carbon not being in 
the same state. In the annealed or nor 


steel it is in a free state, while in 


steel it 
we 


mal 
a hardened is in a state of solu 


tion which may call martensite; and 
this contains more or less carbon accord- 
ing to the original carbon content of the 
steel. The composition, and therefore the 
mechanical properties, depend principally 
upon the carbon content, the mechanical 
properties being changed slowly and grad- 
ually by an increase in carbon 

[his is best shown by Table 1 in which 


it will be seen that the tensile strength 
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solution is not homogeneous. To obtain 


this result it is mecessary that the 
quenching be done from a little above the 
highest point of transformation. This is 


higher in the low- than in the high-car- 


bon steels. In practice this calls for a 
quenching of the low-carbon steels at 
about 1650 degrees Fahrenheit while a 


high-carbon steel should be quenched at 
about 1450 degrees. 
DeGREES ABOVE CRITICAL POINT 

The degrees of temperature above the 
point of transformation that the steel can 
be heated and still give good results are 
If a piece ot steel 
be quenched from different temperatures 
of transformation and 
examined under a microscope we find that 


also quite important 
above the point 


the higher we go the coarser will be the 





and elastic limit gradually increased with martensite, and the lines will be mor 
the increase in tke percentage of carbon, visible If we raise this temperature a 
Case Very Low Low Medium High Very High 
Hardening) Carbon Carbon. Carbon Carbon Carbon 
Steel 
Carbon 0.10 0.14 0.23 0.52 0.60 0.72 
Silicon 0.09 0.05 0.15 0.18 0.10 0.17 
Manganese 0.19 0.33 0.45 0.35 0.40 0.38 
Phosphorus...... 0.016 0.023 0.091 0.1 0.035 0.03 
Sulphur 0.025 0.052 0.062 0.043 0.025 0.06 
MECHANICAL PROPERTIES WHEN ANNEALED 
Tensile Strength, (in pounds 
per square inch) 60,300 61,500 66,500 97,800 116,400 130,700 
Elastic Limit, (in pounds per 
square inch) one 36,300 35,200 41,200 52,600 66,500 75,800 
Elongation (percentage in 4 
inches) 29 27 26 20 l4 i) 
MECHANICAL PROPERTIES WHEN HARDENED 
Tensile Strength, (in pounds 
per square inch) oe 66,400 73,100 9,400 132,100 153.400 180,100 
Elastic Limit, (in pounds per 
square inch) 49.300 30.600 44.000 81,400 102,100 105,500 
Elongation, (percentage in 4 
inches) 44 22 14 1) 4 0 
PrABLE 1, EFFECT OF COMPOSITION AND HARDENING ON THE STRENGTH 
both in the annealed and hardened state few hundred degrees above the critical 
while the elongation gradually decreased. point and quench in a very cold bath, 


These tests were made with a bar % inch 


in diameter and 4 inches in length. It 
will also be seen that there was consid- 
erable change in the steels which were 
too low in carbon to be made so hard 
that they could not be filed. The reduc 
tion in elongation when the test bars 
were heated and quenched showed that 
the metal was harder than when in the 


state 


annealed 


\ hardening process that will produce 


a steel that is as homogeneous as pos 


sible 1s always sought for in practice 


This is easily obtained in a high-carbon 


steel and especially sf it contains 0.85 per 


cent. carbon, by passing the recalescent 
point before quenching. The desired 
homogeneity is not so easily obtained, 


however, in the low-carbon steels as they 
have several points of transformation. If 
these at a point a little 
lowest point of transformation 


are quenched 
above the 


the carbon will pass into solution, but the 





austenite makes its appearance. 

In regard to the mechanical properties 
the the the 
critical point the lower will be the tensile 


higher temperature above 
less will be the hardness 


The 


a decrease and this will mean that 


strength and the 


of the steel elongation will aiso 


show 
stcel becomes more brittle with each 
the 


the 


increase 1n temperature 

lhis coarsening of the martensite, the 
reduction of both the tensile strength and 
elongation’ and the crystallization spokcia 
of some few paragraphs back have !ed to 
the that practice, 40 de- 
grees lahrenheit above the highest point 
of the limit 
that should be raised to obtain the 
best The 


figure also holds good for annealing. 


conclusions in 
transformation is 


steel 


extreme 


results in hardening. same 

The following results are obtained in 
hardening steel All steels may be hard 
but if the carbon 


cent. the 


ened, content is over 


0.30 per effect is more pro- 
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nounced. Hardening increases the ten- 
sile strength and elastic limit and reduces 
the elongation, the effect being greater 
the greater the carbon content. Quench- 
ing at the proper temperature gives the 
metal a greater homogeneity and this aids 
the resistance to shock, especia!ly in low- 
carbon steels; steel should not have the 
hardening temperature raised more than 
40 the highest point of 
transformation, beyond that it no 
longer has the same qualities 


above 
as 


degrees 


HARDENING BATH 

As it is necessary to maintain the metal 
in the state it was at the moment quench- 
ing begins, the quenching bath is a very 
important part of the process of harden- 
ing. The rate of cooling is never swift 
enough to secure perfection and the in- 
termolecular transformation will be more 
or less complete according to the rate of 
cooling. The better the bath the nearer 
to perfection we will be able to arrive. 

In hardening steels the influence of the 
its temperature, its 
mass and express this 
in another way, upon its specific heat, its 


bath depends upon 
its nature; or to 
conductivity, its volatility and its viscos 
ity. With other things equal, the lower 
the temperature of the bath, the quicker 
the 
hardening 


cool and more pro- 
the effect 
Thus water at 60 degrees will make steel 
than at 


when the bath is in constant use the first 


will the metal 


nounced will be 


harder water 150 degrees, and 
piece quenched will be harder than the 
tenth or twentieth, owing to the rise in 
of the bath 


results are to 


temperature Therefore if 


uniform be obtained in 
using a water bath, it must either be of a 
very large volume or kept cool by some 
In other words, the 


maintained at a 


mechanical 
bath 
temperature 

The 


large so 


means. 


must be constant 


bath be made 


in 


of the 
great 


mass can 


no rise temperature is 
made by the continuous cooling of pieces, 
or it be small and rise in 


temperature used for hardening tools that 


can made its 
are to remain fairly soft, as, if this tem- 
perature is properly regulated, the tool will 
not have to be re-heated and tempered 
later, and cracks and fissures 
to 
Another way of arriving at the same 
would be to use the double bath 
for quenching, that is, 


of 


fuses at 5 


are not as 


liable occur, 
results 
to have one bath 
to salt 
5 degrees Fahrenheit. 


some product similar which 


I 
7 Quench 
the piece in that until it has reached its 
temperature after which it can 
quenched in a cold bath or cooled in the 
air 

Chart 7 


be 


the effect of different 
hardening temperatures, by quenching it 
different baths, the 
and elongation. These tests were made 
at the Watertown arsenal. 


shows 


on strengt! 


tensile 


OF Batu 
specific heat of the bath is an im 


SpeciFic Heat 


The 
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portant factor, as the more rapid the cool 
ing from 1650 to 200 degrees F., the more 
effective will be the hardening 
[These are the temperatures at which the 


process 


transformation which corresponds to the 
hardening process begins and ends. 

A bath that consists of a liquid which 
volatilizes easily at the highest temper- 
ature it reaches from plunging the metal 
into it, forms a space filled with vapor 
around the steel which retards the further 
cooling action of the liquid. The 1a09- 
tion of the bath will throw off these 
vapors as it brings the liquid in contact 
with the metal and tends to equalize the 
temperature. The agitation of the piece 
to be hardened will give better results 
than trusting to the volatility of the bath, 
as it is more energetic in distributing the 
vapors. 

The viscosity of the bath has an influ 
ence on the phenomenon of convecticn, 
which is the principal means of the ex- 


Chemical composition - Carbon .20, Manganese .3&, Silicon .015, 
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and the metal quenched in it, the more 
active will be the bath 

The specific heat of mercury is much 
less than that of water and the cooling 
of quenched steel is three times as rapid 
in water as in mercury. The hardening 
effect is therefore much lower than that 
f water, but surface cracks and fissures 
are not nearly as liable to occur 

CRACKS AND FISSURES 

Much serious trouble has been caused 
by cracks and have been 
produced by the abrupt cooling of steel. 
separates abruptly 
The reason for 


fissures which 
Many times a piece 
from the part quenched 
this is easily given as during the cooling 
different parts of the steel are at different 
temperatures. This is many times caused 
by thick and thin sections in the same 
piece, but it also occurs in pieces of an 
owing to the transforma- 
taking place 


even thickness, 


tion in temperature not 


Phosporus .017 
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CHART 7. EFFECT OF HEA1 


SILE 


STRESS 


hange of heat; the higher the viscosity 

e less its hardening effect. 

The conductivity of the bath has its ef 

ct on the exchange of heat between the 

niece to be hardened and the bath; there 
re the greater the conductivity the more 
lickly the 
As a rule little account is taken of the 


bath, but it is an im 


metal cools. 


vecific heat of the 
rtant factor. As 
etal is plunged into the bath the liquid 
gins to heat. The number of calories 
cessary for raising the temperature of 


soon as the heated 


e liquid a certain number of degrees 
ill be the greater the higher the specific 
at. Thus the cooling of the metal will 
at the bath less the higher the specific 
at of the latter, and consequently a bath 
the more active the higher its specific 
at. The less rapidly the equilibriur: is 
hardening beth 


tablished between the 


\ND MECHANICAL 


FREATMEN O} HE E} 


AND ELONGATION 


everywhere at the same time. This causes 
times attain 


in the 


internal strains which many 


enormous value and result lessen- 


stopping of the cohesive 
which holds the molecules of the 
together. This 
and rupture at the places so affected 

thing to 


also 


ing and 
ic rece 
brittleness 


metal causes 


In practical work the main 
keep in mind is that these fissures only 


occur in high-carbon steel or some of the 


special alloys here are several ways 
of overcoming this and the three which 
are the easiest to use and most certain 


in their results are as follows: When a 
water-quenching bath is used it may be 
covered with from % to 1 inch of oil, 
which will reduce the rate of cooling. A 
quenching bathe of small 
size may be used, in which case the sud- 
den cooling will be followed by a slight 
raise in 


comparatively 


tempering effect, caused by the 


temperature of the bath. The piece may 
be withdrawn from the bath before it is 
completely cooled. Uniform results are 
hard to obtain by this last method owing 
to the difficulty of judging the temper- 
ature at which the metal is withdrawn 


WARPING 


Warping may be caused by several 
factors, the two most important of which 
are not having the steel in a proper con 
dition of repose before it is hardened and 


not putting the piece in the quenching 


bath properly As any operation of 
working steel is liable to set up internal 
strains it is always best after rolling, 


forging or machining steel to thoroughly 
anneal the piece before hardening it. This 
metal to assume its natural 
In the machining opera- 


allows the 
state of repose 
tions the roughing cuts could be taken 
off, the piece annealed, then the finishing 
cuts could be given it and the piece hard- 
This make the 


machine as the metal is 


ened would also steel 


easier to more 
uniform and in its softest state 

There are several rules that can be fol- 
lowed in hardening a piece of steel to 
prevent warping, and these rules always 
has been properly 


hardening 


assume that the piece 


annealed before starting the 
operations 

First, a piece should never be thrown 
into the bath, as by laying on the bottom 
liable faster on one 


other thus 


it would be to cool 


side than the and cause 
warping 
Second, the 


the bath to destroy the coating of vapor 


piece should be agitated in 


which might prevent its cooling rapidly, 
bath to convey its 


and also to allow the 


acquired heat to the atmosphere 


Third, work should be quenched in the 


direction of its principal axis of sym- 


metry so that the liquid will cover the 


greatest possible surface at the instant of 


quenching. A gear wheel should be 


hardened perpendicular to its plane and 
a shaft vertically 

low pieces, such as spindles 
have the as they 


should ends plugged, 


could not be quenched vertically on ac 


count of the steam which would be pro- 
duced in the hole and which would 
throw hot water 

Fifth, pieces with thin and thick sec- 


tions or of intricate shapes should be im- 
that the parts 


first 


mersed in such a manner 


of greatest section enter 
Sixth, to harden one part of a piece 

only it should be that it 

hardens well beneath the heated part. 


Seventh, pieces which are very compli 


immersed so 


cated should be rigged up with hoops, 
clamps or supports to prevent. their 
warping 
HARDENING LARGE PIECES 
The hardening of large pieces gives 


results as the trans- 
complete, in 


different 
not 


somewhat 


formation is always 






































































which case there is a partial return to the 


normal stable state, that is toward 
pearlite. Thus a small piece quenched 
from a high temperature in cold water 
is very hard and quite brittle, while a 


large piece quenched at the same temper- 
ature and under the conditions is 
not quite as hard and only slightly brittle 


Same 


if the large piece is examined with the 
microscope it would indicate martensite 
to be present in the surface layer, while at 
i certain distance below the surface would 
be seen troostite and sorbite. This would 
show that the transformation was not as 
complete as in the small piece and would 
account for the lower degree of hardness 
and brittleness 

[his might lead one to suspect that the 
‘onstituents in the center of a large piece 
were the same as in annealed steel, as the 
oefficient of expansion and the electrical 
resistance seem to be the same 

From this might be drawn the conclu 
sion that the mechanical properties of the 
two not the same. These, 
however, are not the facts as the strengths 
and hardness are but little different from 
those of the small piece which showed 


steels were 


martensite 

The principles and practices of harden 
practically the for the 
special alloyed steels as for the ordinary 
-arbon steels except that some of the al- 
loying materials alter the point of trans- 


Ink ire same 


formation 
H1GH-SPEED STEELS 
There is one notable exception to this, 
however, and that is in the case of high- 
steels These 
steels are made by alloying tungsten and 


speed or self-hardening 


chromium or molybdenum and chromium 
steel These compositions 
pletely revolutionize the points of trans 
formation. Chromium has a 
tendency to raise the critical temperature, 


with com- 


which 


when added to a tungsten steel, in the 


proportions of I or 2 per cent., reduces 
the critical temperature to below that of 
the atmosphere and molyb- 


range of 


Tungsten 
the 


temperatures of the steel on slow cooling 


denum prolong critical 


so that it begins at about 1300 degrees 


Fahrenheit and spreads out all the way 


lown to 000 degree Ss 
hese steels are heated to 1850 degrees 
tor the molybdenum and 2200 degrees for 
the tungsten and cooled moderately fast. 
y in an blast, to give them the 
propertv known as “red-hardness This 
treatment prevents ft! critical changes 
iultogether and preserves the steel in the 
stenitic condition he austenitic con 
liti is one of rdness and toughness, 
it is peculiar that under this heat 


is not transformed in 
y condition 
e rule which ha 
in heat-treating 


to heat 
' 


results 


$s given good 
these high-speed steels is 


slowly to 1500 degrees Fahren 


1 


then heat fast to 2200 degrees; after 
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which cool rapidly in an air blast to 1550 


degrees; then cool either rapidly of 


slowly to the temperature of the air 


Tempering Steel 


MATERIALS USED AND RESULTS 
OBTAINED 


METHODs, 


Negative quenching consists of cooling 
the metal through the critical zone at a 
rate equal to or below that which will 
give to the metal the greatest elongation 
when cold. This rate of cooling separates 
the mechanical results of quenching into 
the two distinct divisions mentioned 
farther back, namely, that for giving a 
cutting edge to tools and that for increas- 
ing the static strengths and dynamic qual- 


ities. It varies as an inverse function of 
the carbon content unless the elements 
used in the special alloys influence it. 


Negative gives a_ tensile 
strength and elastic limit about equal to 


that obtained in annealed steel and pro- 


quenching 


duces the highest possible elongation an:i 
a high reduction of This usually 
gives the steel the highest obtainable re. 


area. 


sistance to shocks 

more 
the 

tensile strength and elastic limit; at first 

slowly, then more and more rapidly, and 

reduces the elongation and resistance to 

Thus by varia- 


As positive quenching becomes 


and more pronounced it increases 


shock in the same ratio. 
tions in the factors governing the activity 
of the quenching bath, any steel may be 
given its most suitable state for any given 
purpose. In fact all possible methods of 
quenching are but means of varying the 
of the 
cooling mediums which will give the de- 
sired rate of cooling through each of the 
temperature the metal 
in order to give it the desired properties 


rate of cooling, and the selection 


critical zones of 


is the real art of heat treatment 


REDUCING THE HARDNESS 


Tempering steel, therefore, is to return 
it to a state of molecular equilibrium at 
atmospheric temperature by relieving any 
strains in the metal which have been 
caused by sudden quenching and correct 
certain properties 
which have been caused by the hardening 
process. 

The piece 
should be raised for tempering depends 


any exaggeration of 


temperature to which a 
on the use to which it is to be put, the 
‘ondition in which it 
the 


has been left by 


juenching and composition of the 


metal [he maximum temperature de- 
should only be 


sired maintained jong 


ough to be sure that the piece is evenly 
} 


Ihe austenite which is retained in stecl 
by the 


pulse 


ee | — ~ moa ‘ ) tiuiral - 
sudden cooling has a natural im- 


to change into pearlite. Steels which 
been reheated 


nave hard 


slightly after 
give a freedom to the 
that will the 


rigidity set up by the hardening process 


ening molecular 


change lessen molecular 
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The higher the temperature is carried in 
reheating, the more it lessen this 
molecular rigidity and the more will the 


will 


austenite give way to a pearlitic formation. 

Steels Fahren- 
heit will be tempered, but if 
heated to the which the 
straw color is bright- 


heated to I50 degrees 
slightly 
temperature at 
formed on a 
the 
namely 
will 
which 


ened surface by appearance of 


an iron oxide, 450 degrees, 


result and 
this 


assumes a permanent blue color, namely 


greater tempering 


the temperature at oxide 
575 degrees, will effect a still greater tem 
pering. Each increase in this temper- 
ature of reheating reduces the hardness 
and brittleness, reduces the _ tensile 
strength and elastic limit and increases 
the elongation as well as the resistance 
to shocks 


TEMPERATURES FOR | EMPERING 
Steels which require a great hardness 


S 


) that a fine cutting edge can be given 


them, such as razors, are not exposed to 
shock, hence can have a marked degree 
of brittleness. A reheating to 450 degrees 
Fahrenheit for tempering will be the best 
that 
which 


condition such steel can be given. 


Tools have to withstand violent 


shocks such as cold chisels and still re 
tain a good cutting edge should be re 


& 
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In 
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(Annealed at 1475 degrees... 64,400 29 
103,000 21 mh) 
110.100 20 58 
Hardened at 1650 de- 130,500 '24.900 17 62 
grees, oil tempered at 38,000 127500 18) 65 
varying quenching | '47,000 140,750 17 57 
temperatures 212.000 200,000 12 51 
232,750 224,000 11 39 

TABLE NO. 2 


heated to 575 degrees to further remove 
some of the brittleness. This will lessen 
the hardness and consequently the cutting 
powers but is the lesser of the two evils 
These two cases might be taken as th 
two extremes of temper desired in cutting 
tools 

the building 
f machinery, as a rule, have the temper 
drawn much more than this and the ’a 


Steels which are used in 


riation in temper is only limited by th 
the have to do, th 
omposition of the and the differ 


ent degrees of temper which steel cat 


work which parts 


metal 


given 
Leaf 


springs, such as carriage spring 
re usually reheated to about 800 degre 
Gears which are in 


ae 


l’ahrenheit constat 


mesh without any un pressure wi 
sive the best results as to wear, strengt! 


ind resistance to shocks if reheated 
ibout 675 degrees. Crank-shafts on 

ernal combustion engines have to wit 
stand considerable torsion. vibratiot 


strains and impact stres 


ses and 


seem 
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stand the work best when reheated to 
about 1000 degrees 

Charts 8 and 9 show the effect of the 
above heat treatment for springs on tw 
kinds of steel which might be said t 
show the two extremes in deflection, fiber 
stress and their resultant permanent set 
In Chart 8 the elastic limit was reached 
on the second test. This for the vanad 
ium steels was 85,000 pounds, or 234,50) 
pounds fiber stress with a permanent set 
of 0.48 inch In the carbon steels, it 
was 65,000, or 180,000 pounds fiber stress 
with a permanent set of 1.12 inches. The 
carbon steel took an additional set of 
0.26 inch on the third test and broke on 
the fourth in the center. The third test 
was repeated three times on the vanad- 
ium steel without any change in recorded 
Lights. The tests were made by the 
American Vanadium Company. 

The rate of cooling after reheating to 
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The changes which can be made in the 
strengths of steel are very forcibly shown 
the following Table No. 2, which ex- 
plains itself: 


[TEMPERING EQUIPMENT 
The furnaces used are practically the 
ume as those used in hardening, and fur 
naces which will permit of maintaining a 


constant temperature with appliances for 


measuring the heat so the correct temper- 


ature can be attained are the best kind 

Lead baths are used a great deal as it 
is easy to heat these to a certain temper- 
ature and hold them at a constant temper 


With this 


the bath is heated to the temperature at 


ature for any length of time 


which the steel needs to be tempered or 
drawn, the piece is placed in the bath and 
allowed to remain until it has attained the 
temperature of the bath, when it is taken 


ut and cooled 
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proper degree for tempering is im 
iterial, as when we reheat a piece, say 
400 degrees, we have changed the co1 
ituents of the metal all that we can 
thout increasing this temperature. ‘Thus 
viece might be held at this 400 degrees 

an hour and the change would be 
» more than that made in the first few 
conds, as no change will take place dur- 
g the cooling. 


Salt baths are sometimes used where 
th 
degrees Fahrenheit Salt fuses at this 


e drawing temperature desired is 575 


point and a certainty of obtaining this 
temperature in the steel is assured. In 
using this the salt is heated to 700 or 750 
degrees and the steel placed in the bath. 
When this is done the cold metal will 
cause the salt which surrounds it to 
solidify and plainly show a white crust 





around it. When the steel has attained a 


temperaturs 575 degrees the white 

ist will disappear as_ the ilt which 
made it has melted and mixed with the 
rest of the bath Chis cleat shows that 


it is time to take the piece out of the 
bath and allow it to cool 
This method can be used for tempering 


sce d 


abov € 57 5 aeexrees al be low goo degree Ss, 
ut is not practical for higher or lower 
temperatures owing to the alteration im 
the salt of which it 1s composed 

The gas, oil and electric furnaces de 
scribed in the first section of Part 3 as 
well as some of the baths given there, 
are also used in tempering and any form 
of furnace or bath that will give the cor 
rect temperatures desired can be used 


with complete satisfaction 


Carbonizing 


Jsep— EFFEC 
OF ALLOYING MATERIALS AND 
Heat TREATMENT 


METHODS AND MATERIALS 


Many of the steels which give very 
high figures in their strength tests, are 
made hard enough to resist wear for such 























parts of machinery as gears, cams, | 


races, etc., by hardening and temperin 
but when the proper degree of hardness 
is obtained to reduce wear to a minimum 
they are too brittle to withstand shock 
strains 

For this reason case-hardening, car 
bonizing, or as it is called in Eurone, 
“cementation,” is resorted to, as by this 
process the outer shell can be made hard 








enough to resist wear and the core of the 
piece can be left soft enough to withstand 
the shock strains to which it is sub- 
jected. By this method gears can be 
from some of the special alloyed 
that reduce the wear to a 
that considered 


impossible 


made 
will 
would have 
a few years ago, and at the 
same resist shock to such an extent 
that it is difficult to break 
tooth with a sledge hammer. 
Several methods different from the old 


steels 
point been 
time 


very out a 


established one of packing the metal in 
a box filled with some carbonizing mate1 
ial and then subjecting it to heat, have been 
devised in the 
them might be mentioned the Harveyizing 
process which is especially applicable to 
This in turn has been fol- 
which 


last few years. Among 


armor plate 


lowed by an electrical process 
a great improvement over 


Very recently 


claims to be 
the Harveyizing process 
another process has been invented which 
uses gas for carbonizing in a specially 
constructed furnace. This is very useful 
for carbonizing small work 


HARVEYIZING AND ELECTRICAL 

The Harveyizing process uses a bed of 
charcoal over the work, the plates being 
pressed up against it in a pit or furnace 
and gas turned on so that the steel will 
be heated through the charcoal, thus al- 
lowing the carbon to soak in from the 
top 

This process has been a great success, 
but it also has its faults, as the carbon 
soaks in to a good depth in some places, 
while at other places, sometimes only a 
foot away, the carbon will not be so deep, 
so that when tested a shot will glance off 
from one spot and when it hits a short 
distance from this will tear a great hole 
in the plate. Then again the Harveyizing 
process has not been adaptable for small 
work 

Electricity has also been used in a like 
manner to the the 
That is, armor plate has been 


gas in Harveyizing 


pro ess 


covered with a layer of ground bone, the 


whole inclosed and a current of electricity’ 


turned on to heat the bone and metal so 
that the with the 
steel in a surface layer of varying depths, 


carbon will combine 


and it is claimed for this process that the 
depth can be regulated to any depth de- 


sired and the carbon is of an even depth 


over the entire surface 
\s these two processes are only used 
on armor plate or other large work of 
similar character and are at most too 
expensive in their installation to be made 
applicable to parts of machinery, or tools, 


they will not be gone into in detail here. 
| he 


above two in the kind of work it 


Krupp process is similar to the 
operates 
on, and differs from Harveyizing in that 
it uses a gaseous hydrocarbon to replace 
the bed of charcoal 
to the subject, but the gas it uses is prac- 


tically the same as that used in the fur- 


This also is foreign 
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nace for carbonizing with gas which will 
be described later. 


Factors GOVERNING CARBONIZING 
The result of the carbonizing operation 
is determined by five factors, which are 
as follows: First, the nature of the 
steel; second, the nature of the carboniz- 
ing material; third, the temperature of the 
carbonizing furnace; fourth, the time the 
the carbonizing 


treatment which 


submitted to 
fifth, the heat 
follows carbonizing. 


piece is 


process, 


The nature of the steel has no influence 
on the speed of penetration of the carbon, 
but has an influence on the final result of 
the operation. 

If steel is used that has a carbon con- 
tent up to 0.56 the rate of 
penetration in carbonizing is constant; but 
the higher the carbon content is, in the 
core, the more brittle it becomes by pro- 


per cent., 


longed annealing after  carbonizing. 
[Therefore it is necessary that the carbon 
content low in the core, and 
for this reason a preference is given to 
0.12 to O.15 per 


cent. of carbon for carbonizing or case- 


should be 


steels containing from 
hardening purposes. 
Some, however, prefer a steel contain- 
ing from 0.20 to 0.22 per carbon, 
owing to its being more easily worked 
with machine tools; but the results will 
not be as good as with a steel containing 
a maximum of cent. carbon. 
Greater strength and easier working qual- 
ities can be obtained by the addition of 
chromium, vanadium, 


cent. 


0.15 per 


such alloys as 


nickel, etc. 
EFFECT OF MANGANESE AND CHROMIUM 
It is also very important that the man- 
content of carbonizing steels be 


This should never exceed 0.35 


ganese 
kept low. 
per cent., as manganese has a tendency to 
render the hardened and carbonized sur- 
face brittle, thus making it liable to chip 
break at the least shock. 

Thus manganese is usually kept down 


and 


to 0.20 per cent. and seldom exceeds 0.25 
per cent. 

While chromium has a tendency to pro- 
duce a brittle hardness in steel, it prevents 
the development of the crystalline struct- 


ure under heat treatment, thus refining 
the grain and making it better able to 
withstand shocks. Therefore chromium 
added in small percentages makes steels 


for carbonizing more homogeneous and 


imparts to them greater strengths and 


wearing qualities. Chromium, however, 
produces steels that are very difficult to 
machine; it is therefore combined with 
ther ingredients which offset this, ex- 


cept for such uses as armor plate 

used in homeopathic doses 
this difficulty of machining 
chrome steels to such an extent that it is 
claimed that a steel containing I per cent. 
chromium and.from 0.16 to 0.18 per cent. 
forged and 


Vanadium 


overcomes 


vanadium can be machined 
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as easily as a 0.40 per cent. carbon 
steel. 

Vanadium also produces high dynamic 
strengths, which gives the core of car- 
bonized steels a high resistance to shocks 

Errect oF NICKEL 

Nickel added to ordinary carbonizing 
steel in comparatively small percentages 
obviates the brittleness which is usually 
carbonizing and makes it 
more the pearlite being 
distributed much better. With 2 per cent. 


of nickel the steel is increased in strength; 


produced by 
homogeneous, 


in some this strength is nearly 
double that of the ordinary carbonizing 
steel, but 2 per cent. nickel steel means 
nothing unless the carbon is of the proper 


When it is, it makes one of 


cases 


percentages 


the best steels, when carbonized and 
tempered, for such parts as shafts, ball 
races, gears, etc. It should therefore 


be used wherever the 2% cents differenc: 
in price does not make it prohibitive, ex 
cept where the higher-priced alloy steels 
are demanded, owing to their greater 
strength and wearing qualities. 

\ 2-per cent. nickel steel carbonized so 
that the surface layer contains about 1 per 
cent. of carbon will be pearlitic, but a 7 
per cent. nickel steel will show a surfacc 
layer that is martensitic, with a pearlitic 
Martensite being a constituent of 
quenched steel, a 7-per cent. nickel stee! 
carbonized so the surface layer contains 1 
per cent. of carbon, has the same constitu 
tion as an ordinary carbonizing 
which has been carbonized and hardened 
that is, a pearlitic core and a martensiti: 
outer shell. This martensite should b 
come denser and denser as it approaches 
the outer surface. 


core. 


stec! 


If this 7-per cent. nickel steel is car 
bonized to a greater depth, so that ¢l. 
surface layer will contain 1.5 per cent 
of carbon, the core will be pearlitic and 
resist shock to a great degree. A marten 
ite layer will be next to the core and clos 
to the outer layer. This will give hi 
strengths and the outer layer will readily 
polish without wear, thus giving it val: 
able wearing qualities 

This simplifies the processes of carbo 
izing, owing to its doing away with tt 

but t% 
afterwa 


hardening processes afterward, 
and the cooling 
must be carefully done in order to get 


carbonizing 


good results from this process. 

If, however, the proper carbonizing m 
terials are used, the heat of the furna 
regulated so that it remains steady and 
the proper temperature, «nd the piece 1 
cooled too quickly, a saving in time a1 
expense can be made with this process o! 
carbonizing, when this grade of steel 
suitable. 


ALLOYING MATERIALS AND PENETRATI( 
The influence of the different element 
on the speed of penetration of the cat 


bon, when carbonizing steels containi: 








March 26, 1908 
the same amount of carbon and different 


percentages of manganese, chromium 


nickel, tungsten, silicon, titanium, molyb- 


denum and aluminum, is shown by 
Table 3 
PENETRATION OF CARBON PER HOUR 


Speed of Pene- 
tration Per 


Component of Alloys 
Hr. in Inches. 


0.5 per cent. manganese 0.043 
1.0 per cent. manganese 0.047 
1.0 per cent. chromium 0.039 
2.0 per cent. chromium 0.943 
2.0 per cent. nickel 0. 028 
5.0 per cent. nickel 0.020 
0.5 per cent. tungsten 0.035 
1.0 per cent. tungsten 0.036 
2.0 per cent. tungsten 0.047 
0.5 per cent. silicon 0.024 
1.0 per cent. silicon 0.020 
2.0 per cent. silicon 0.016 
5.0 per cent. silicon 0.000 
1.0 per cent. titanium 0.032 
2.0 per cent. titanium. 0.025 
1.0 per cent. molybdenum 0.036 
2.0 per cent. molybdenum 0.043 
1.0 per cent. aluminum 0.016 
3.0 per cent. aluminum 0. 00S 
TABLE 3 


The 


carbonizing steel 


rate of penetration for ordinary 
the 
tions would have been 0.035 inch. 


same condi- 
Thus 


under 


it will be seen that manganese, chromium, 
the 
[These seem to exist 


tungsten and molybdenum increase 
rate ot penetration 
in the state of a double carbide and re- 
lease a part of the cementite iron. 


Nicke l, 
retard the 


silicon, titanium and aluminum 


rate of penetration—5 per cent. 


of silicon reducing it to zero—and these 


of solution in the iron. 
the 


exist in the state 


As 
which give the best results in annealing, 


a general rule alloyed steels 
hardening and tempering are not the best 
for carbonizing; for this reason most of 
these alloyed steels are made in a special 
As an illustration 
that the 


crank-shafts, transmis- 


grade for carbonizing 
of this, 
best 


vanadium steel gives 


results for 
shafts, 


moving engine parts is composed of 0.25 


sion connecting-rods and other 


to 0.30 per cent. carbon, 0.40 to 0.50 per 


cent. manganese, 1 per cent. chromium 


and 0.16 to 0.18 per cent. vanadium, while 


the best carbonizing steel has from 0.12 


to 0.15 per cent. carbon, 0.20 per cent 
manganese, 0.30 per cent. chromium and 
0.12 per cent. vanadium. 

HE CARBONIZING MATERIALS 


lhe nature of the carbonizing materials 


ye 


has an influence on the speed of penetra 


tion and it is very essential that the ma 


terials be of a known chemical composition 


s this is the only way to obtain like re 

sults on the same steel at all times 
These materials or cements are manu 

factured in many special and patented 


preparations. The following materials are 


ised and compounded in these prepara- 
tions, but many of them give as good re 


sults when used alone as when com- 


pounded with others in varying percent- 
Powdered bone; wood charcoal; 


ages 
charred sugar; charred leather; cyanide 
of potassium; ferro-cyanide of potassium ; 


black. 
Prussiate of potash, anthra- 


bichromate of potassium; animal 


iC id cleaned 
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cite, mixture of barium carbonate, 
graphite, petroleum gas, acetylene, horn, 
etc. Some have used illuminating gas 


and gasolene, but these act by dissociation 
and are not definite or positive enough for 
good results 

Such 


should not be 


materials as bone and leather 


used alone or in combina- 
tion, as it is impossible to obtain definite 
results from them, owing to the change 
ability of their chemical composition when 
iture high enough 


subjected to a temper 


for carbonizing 
How Woop CHARCOAL ACTS 
Wood charcoal is very largely used in 
carbonizing steels, but the value of this 


1 


material varies with the wood wsed, the 


method employed in making the charcoal, 
Used alone it gives the 
the first 


hour, but after that the rate gradually de- 


and other factors 


normal rate of penetration for 


creases until at eight hours it gives the 
lowest rate of penetration of any of the 
carbonizing materials 

The best wood charcoal is that made from 


hickory. This 


charcoal contains a percentage of carbonat« 


is due to the fact that wood 
of potassium, and this, in conjunction with 
the 


is capable of giv 


the charcoal and the nitrogen of air, 


in the carbonizing case, 


ing cyanide of potassium. Thus, by com 


bining wood charcoal and carbonate of 


potassium, an increase in the rate of pen 
can be 


etration obtained; but this speed 


and the exhaustion 
to the 
of the alkaline cyanides 
the 


decreases with time, 


of the cement is due volatilization 
If a current of 
rate of 


ammonia is used penetration 


becomes constant, as cyanide of ammo 
d this is the one and 
Therefore the 


izing materials are the ones that produce 


nium is formed, a 


only cement best carbon- 


the most of this element 


Powdered charcoal and bone give good 


results as a carbonizing material and are 


successfully used in carbonizing nickel- 


chrome stcel by packing in a cast-iron pot 


nd keeping at temperature of about 
2000 deer es ant heit t ! I hours 
and then cooling slowly before taking out 
of the pot or uncovering 
\ ION F PP E ( | 
P re ¢ Tie ( that tI sug: d ¢ 
not carbonize in vacu m; therefi re a car 


bonizing material tl is simply composed 


of carbon can directly vut acts 
simply by dissolution of the carbon, start 
ing with the iron in contact with it. Thu 

iwar sl d b l wi thre 
material that will overcome this, in ord 
to obtain th results from = cat 
bonization 

Carbonic oxide iving 2CO C 4.0 
which is formed by the action of the air, 
in the carbonizing box, on a carbonizing 
material that is composed simply of car 
bon, may act; but its action is slow and 


the carbenic acid, CO., has a decarboniz 


ing action This is the action which 


”) 
ugar, animal black (acid cleaned), etc., 
have 

Materials containing a cyanide act by 
means of the cvanogen radical (CN)? 
This compound is decomposed and re 
places the carbon; it is in this manner 
that cyanide of potassium acts The 
product is capable of producing cyanide, 


which is the case with a large number of 


ements 


CLASSIFYING CARBONIZING MATERIAI 

lerro-cyanide of potassium gives cyan- 
de, cyanate of potassium and oxide of 
iro1 Che mixture of ferro-cyanide and 


bichromate of potash gives rise to a new 


mixture of cyanogen and cyanate diluted 
in a mass of iron and chromium oxide 
[his mixture and carbonate of barium 
are subjected to the same _ conditions 
in fact, the mixture, in the presence of 
the nitrogen of the air, gives rise to 
cyanide of barium according to the fol- 


lowing 


2N 4C + CO;Ba = 
[herefore it 


equation 
(CN )2Ba + 3CO 


means i’ cva 


acts by 


nrde and carbonic oxide 


carbonizing materials contain 


carbonates that 


Certain 


are not dissociable at the 


temperature of carbonization, especially 
calcium carbonate In the presence of 
carbon there is formed carbonic oxide, 
which carbonizes very slowly 
CLASSIFYING CARBONIZING MATERIAL 
Therefore the carbonizing materials 


might be classed as follows: First, ce- 
ments which act by means of carbonic 
oxide; second, cements which act by 
means of a cyanide, such as potassium, 
barium or ammonium; third, cements 


which act by means of hydrocarbons 


lo carbonize with the hydrocarbons, 
it is necessary to generate the gases in a 
tank out of such materials as will form 
cvanide of ammonium and conduct this 
the receptacle in which the work has 





been placed in such a manner that it will 
oak into the pieces before passing out of 
he vent 
. M { DAND RATE OF PENI 
Ne i N IN INCHES 
-F < S = 
Fe Se Se Fa 
2 se == 5: 
L300 
j oO or oo 0 O20 0. O20 
Hot 0 OSS Oo O84 0 O74 0. O48 
182 0.128 0.128 0.128 0 098 
Ooo 0.17% . 177 0. 10S 0 138 
rABLE 4 
The speed of penetration caused by the 
action of different cements at different 


temperatures for the same time, i.e., eight 


} 


ours is best shown by Table 4. 








The nature of the carbonizing material 
has a very pronounced effect on the rat 
of ( irboni t r tl p “centage of the 
carl ( ent in th rf layer of the 
pi er hot 

ANOTHER T! r PENETRATION 
At the same temperature, i.e., 1825 de 


grees Fahrenheit, for different lengths of 
time and with different cements, the rate 





of penetration obtained was according to 
Table 5 
f 
4 MATERIAI USE] Nb RATE © PENI 
= rRATION IN INCHES 
bh ce. 3 - 
= a D ep © o= a 
= & UH.8| z= oe 
A a SMuwS — x] 
ae © S ° < =o 
. © a - = n 
- > Ya Ss 
S oO 50 BS 
; “© ce 
2 fo) Te — 
af - es “Ss 
. = ox a- 
Ss y ws : 
on Ry 





0.028 0.059 0.035 
0.053 0.078 0.059 
0.063 _ 0.094 0.088 
0.072 | 0.011 0.106 
0.098 0.138 0.128 


Poet |! Length of 





TABLE 5. 


Eighty per cent. charcoal + 20 per cent 
carbonate of barium, 40 per cent. char- 
coal +60 per cent. carbonate of barium, 
ferro-cyanide alone and 66 per cent. ferro- 
cyanide + 34 per cent. bichromate were 
used with practically the same results for 
eight hours’ time. 

Another set of tests was carried out for 
a longer period of time, with other ma- 
terials and at a uniform temperature of 
1650 degrees Fahrenheit with the results 


given in Table 6 


M KI Db AND RATHI r PENI 
N | CHES 
Length 
of ‘Time 
in Hour er Ground Barium Car 
Charred \ i char. vOnate and 
Leather : “““ Wood Char- 
. CUOdal 
O4 OLS 0 OS 
} 0.06 0.042 0 OS 
S 0. OSO 0 06 0.111 
lL: ( 1{ 
rABLE 6 


The test bars in this table were 3 inches 


lor and ! n inch square Che 
chemical composition of the steel was as 
follows Carbor .14 per cent., man 
ganese 0.58, silicon 0.01, sulphur 0.08%, and 
phosphorus 0.03 

These tables show that charcoal when 


used alone gives the slowest rate of pene 


tration, but whe ombined with other 
materials the rate of penetration is the 
highest of any of the tests made. In some 


cases the rate of penetration of the com 


bined materials nearly doubles that of the 


wood charcoal alone. 


NITROGEN AND AMMONIA 
The commonly used carbonizing ma- 
terials all contain nitrogen in some 
form or other, and as the non-nitrogenous 
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aterials cost from one-tenth to one- 
twentieth of those containing nitrogen, 
ome experiments were made with an- 
hracite and coke. After carbonizing the 
ume sized test pieces with these for four 
hours at 1650 degrees Fahrenheit, the 
penetration for the anthracite was 0.006 
inch and with the best grade of hard 
coke it was 0.0064 inch Charred 
leather under the same conditions gave 
penetration of 0.062 inch 

This would lead to the conclusion that 
nitrogen performs an important part in 
carbonizing. 

The effect of ammonia was also tried 
by carbonizing in a gas pipe and packing 
the work in sugar charcoal as the non- 
nitrogenous material Dry ammonia 
was passed into one end of the gas pipe 
and allowed to flow out through a small 
vent hole in the other end. The results 
obtained by carbonizing for four hours at 
1050 degrees were o0.058 inch for the 
charred sugar alone, and 0.070 inch for 
the charred sugar which had ammonia 
passing through it 

The non-ammonia specimen was bluish- 
black in color and when sawed appeared 
soft, while the ammonia-treated specimen 
was of a distinct whitish luster and ap- 
peared to have a tough outer skin when 
sawed 

Thus while all the evidence goes to 
prove that nitrogen aids carbonizing in 
practical work, its action is not yet quite 
clear. Ammonia, on the other hand, is 
absorbed by the iron and becomes the 
prime agent in any change, thus causing 

increase in the rate of carbonization. 


[EFFECT OF TEMPERATURE 
The degree of carburization of the skin 
lepends largely on the degree of temper 


ature maintained during 


the carbonizing 
process; therefore it is necessary that the 
temperature be kept at a definite point 
in the carbonizing of steels This can 
best be done by attaching to the furnace 
something to gage the heat, such as a 
pyrometet 

If the temperature is too high, the metal 
is liable to crystallize and the core will 
rapidly become brittle 

(he temperature to which the metal can 
e safely raised in carbonizing varies with 
the kind of steel used. As a general rule 
the ordinary carbonizing steel cannot be 
raised to a temperature in excess of 1800 
degrees Fahrenheit. If the original car- 
bon content is high, even this temperature 

e safely reached, while with some 

of the alloy steels, such, for instance, as 
nickel-chrome steel, a carbonizing tem 
perature of 2000 degrees can be retained 
for four hours without the core crystalliz- 
ing, and the rate of penetration will be 
reasonably high, providing, of course, that 
the original carbon content is low. 

lhe temperature, however, must be kept 
above 1300 degrees Fahrenheit, as ordin- 
arily carbonization cannot take place be- 
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low that point, although in an experimen- 
tal way steel has been carbonized at about 
&50 degrees by using a mixture of cyanide 
f potassium, chlorides of the alkalies, and 
he alkaline earths, the latter being used 
to lower the fusion point of the cyanide. 

[he percentage of carbon which is 
absorbed by the steel is also affected by 
the temperature as well as by the ma- 
terials used 

With a given depth of penetration and 
a given amount of carbon in the carbon- 
izing material, steel will absorb a greater 
percentage of carbon at a high temper- 


ature than at a low one. 


Heat TREATMENT AFTER CARBONIZING 

The heat treatment following carboniz 
ing should be very carefully done, owing 
to the fact that the piece must have a very 
lard outer surface to resist wear and a 
non-brittle core that will resist strains; 
also, some methods of heat-treating have 
a decarbonizing effect, and some of the 
steels have a_ tendency to produce 
cracks or fissures and to warp. Tlius 
crank-shafts for internal-combustion en 
gines were formerly carbonized and hard 
ened, but owing to the difficulty of pre- 
venting cracks and warping, this praggice 
has been abandoned. 

As a general rule the piece should be 
annealed after carburizing. This can best 
be done by leaving it packed in the car 
bonizing case, with the cover fastened on, 
and allowing it to cool gradually; but if 
the carbonizing temperature is not over 
1600 degrees Fahrenheit, it can be al 
lowed to cool to 750 degrees, then re 
heated to 1400 degrees and quenched with 

od results 

lf the carbonizing temperature is a 
high one, 1e., above 1800 degrees, the 
piece should be allowed to cool, then r¢ 
heated to 1650 degrees, and quenched and 
reheated again to 1400 degrees and 
uenched 

Che reason for the double quenching is 


1 
1} 
i 


it the piec must be heated to above 


its point of transformation, i.e., 1650 dé 
srees, to destroy the crystallization and 
consequent brittleness, which is liable 
be im the core when it is carbonized at 
high temperature; but this leaves the car 
bonated surface layer not hard enough to 

sist wear, therefore it must be quenched 
again at 1400 degrees 

This point of transformation vari 
with the different components of the hig] 


ade alloy steels, and this should be 


rtained before hardening the piece 


By quenching directly from the carbo: 


1 


ing retort a distinct line is formed be 
tween the high-carbon outer shell and th 
low-carbon cone and this is liable to caus: 
the metal to crack on this line when th 
work is used for parts similar to rollers 
iu roller bearings, owing to the wearing 
and crushing strains to which they av: 
subinitted, but if the work is preperiy heat 
treated after carbonizing, this distinct line 
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is made to disappear, and the danger of 
the steels cracking there is rem G 
TIME OF ExXposuR! 
The time which the work is submitted 
to carbonizing is an important factor, as 


by the regulation of this under a given 
constant temperature what gives the 
depth of carbon destred, and by the 


proper depth of the carbon is obtained the 
les! the s 


tage of « desired in ir 


perce! 
face layet 
The percentage of carbon in a carbon 


ized piece of steel gradually reduces from 


the outer shell to the core. The lower 
the carbonizing temperature, the less the 
time of submission to the carbonizing 
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The carbonizing materials Ss pow 

ed I et equire 
that tl york be p ed 1 box or 

her receptacle 5 01 
time to carbonize th ‘ han wher 

ses are ised to f Ov" 
ne to the necess f the heat penetrating 
the box and carb materials befor 
it car afiect the wor 

In case a deep penetration of the carbon 
1S required, and the carbon in the carbon- 
izing materials is nearly or entirely ab- 


irbed, it is a difficult operation to in- 
sert fresh materials in the packing box 
Another point might be mentioned here 
ind that is that all steels do not retain 


their carbonization One 


specimen 


was 








epends the or failure cf th 
F 
| I) 22 1s see! wing on the 
el l f f e for carboniz 
eg with gas, which is built by the Amer 
Gas Fur Company, of Elizabeth, 
N. J., which holds pate covering it, 
while Fig. 23 is an outside view of the 
me 
In Fig. 22, A is the retort in which the 
work is placed This is made out of 
extra heavy 8-inch pipe for the size of 


furnace shown and is made to revolve on 


the rollers B by the gear wheel C and the 


worm D, which in turn is propelled by 
the procket wheel shown in Fig, 23 
EE are air compartments to prevent the 
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22. SECTIONAL VIEW OF AMERICAN GAS FURNACE COMPANY’S CARBONIZING FURNACI 
temperature, and the smaller the pe: n | by taking very thin cut from heat 1 w from getting into that part 
centage of carbon in the carbonizing ma eo rface for part of its length f the retort which extends beyond the 
terial the greater will be this reduction. vhich on analysis showed 1.25 per cent. ting f{ ct F is the heating-gas 
A round bar of steel which was car- of carbon. The piece was then laid aside char r, the g coming in through § 
bonized to the depth of 3/16 of an inch six month nd a similar cut taken peni or burners similar to the one 
was examined by turning off 1/16 of an from the rest of its length, which on wn at G and exhausting out through 
inch, and analyzing the turnings for car ialyzing showed y 0.92 per cent. of ther i is the cover for the end of the 
bon, then another sixteenth was turned carbor This showed that tl irbon dis retort and is fastened on with hinged 
off and analyzed and the third and fourth ed little by little to the mass bolts and thumb screws. This is taken 
sixteenth treated in a like manner. This ff in order to put the work in the retort, 
gave a carbon content of 1.24 per cent CarBonizING Wirh Gas he partition ind carbonizing gas outlet 
for the 1/16 of an inch taken from the In the use of hydrocarbons, or gases, a J coming with it 
uitside, the second sixteenth gave 0.85 fresh supply can be kept flowing into the 
per cent. carbon, the third sixteenth carbonizing receptacle and the time greatly OPERATION OF FURNACE 
showed 0.24 per cent. carbon and the reduced for deep penetration with an ap Che heating gas is fed through pipes 
fourth or core contained 0.13 per cent preciable reduction of time for the shal and burners on the side and the carboniz 


The time of submission required for 
a certain depth varies with the kind of 
carbonizing materials as well as with the 


used 


pre cess 





ow penetrations 
A very importatit factor in carbonizing 
with gas is the furnace, as on the design 


and operation of this to a large extciit 


ing gas passes through the hose shown in 
Fig. 23 and the pipe in the center of the 
retort at L, Fig. 22, then into that part of 


the retort where the work is held. After 
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pieces to be carbonized have attained 








the proper depth of carbonization. 

The carbonizing gases are formed of 
liquids which are put into a generator. 

Starting with a cold furnace in the 
morning, an hour and a half is usually 
required to get the work hot enough to 
absorb the carbon, after which 40 min- 
utes is required to attain the proper tem- 
perature when new work is put in the 
retort. As no packing of the metal and 
materials in iron boxes is required, this 
effects a great saving in time and the 
work can be carbonized at a greatly re 
duced cost 

Pyrometers can be attached to the fur- 
ace to gage the heat for the correct tem- 
peratures, and when this has been attained 
the valves and cocks can be set so that 
the work can be duplicated for any num 
her of times and the furnace run for a 
long period with an assurance of the 
quality of the work turned out, as the 
temperature is held constant. 

As the work is made to revolve in the 
furnace, similar to the action obtained by 
tumbling barrel, an even depth of carbo: 
is obtained on all sides of the work and 
this overcomes, to a large extent, the 
tendency of carbonized pieces to hav: 
hard and soft spots, as the soft spots ar: 
usually caused by the piece coming in 
contact with something which would not 











° allow the carbon to act on that spot 





FIG. 23. VIEW SHOWING REVOLVING ANI ING MECHANISM ResuLtts FrRoM CAarBONIZING WitH GA 


the carbon has penetrated the metal the spected for heat temperature by shutting Odd shaped and intricate pieces can be 
gas escapes through the outlet J. off tl carbonizing gas and looking carbonized by this method that it would 

This method of operating has many through the outlet pipe J, where the work be difficult t 
box in such materials as bone and 


do by packing in an iron 
advantages over that of packing the can be seen and its color noted; the car- 
materials in an iron box with bone, bonizing gas does not need to be turned charcoal 

charcoal, ete, as the carbon in the on and used until the work has attained The difficult work done is probably best 
retort is held constant by the steady a temperature that will absorb the carbon illustrated by the piece shown in Fig. 24 
flow of the gas; the work can be in and it can be shut off the minute the This piece has been broken open to show 














FIG. 24. CARBONIZED WITH GAS BY THE AMERICAN METAL TREATMENT COMPANY 
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the action of the carbonizing gas on the 
seven small holes around its rim, and it 
will be seen by a glance at the half- 
tone that the carbon penetrated to a good 
depth all around these holes; it being 
shown at a distance of about 4 inches 
from the end to the right of Fig. 24, 
which is where it was broken for inspec 
tion. It also showed that the carbon had 
a good even penetration as to depth on 
all of its exposed surfaces both inside and 


outside. 


Some ResuLts oF TIME 
The results of different lengths of time 
that the work is submitted to carboniza- 
tion in this gas furnace is shown in Figs. 


25 and 26 
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[he set of test pieces in Fig. 26 shows 
the depth of penetration for each hour 
from 1 to 9 inclusive as follows, as well 


as the size and shape of the piece: 


rime Size of Test Piece Depth in Inches 

Hours. 
1 2 in. round O15 
4 # in. round 020 
3 # in. round 030 
} 2 in. round O38 
5 + in. round 046 
6 4 in. round 053 
7 4+ in. round 056 
S 4 in. round 05S 
% 4 in. round 060 
Y 4 in. round 063 
uv ¢ in. square O7 


Opp-SHAPED PIECES 


Intricate or peculiar-shaped pieces 
which would not turn over in the furnace, 


but would slide around on the bottom, 





10 Hours 
FIG. 25. QUENCHED DIRECTLY 
Che distinct line between the carbonized 
shell and the core is obtained by plunging 
the metal directly from the carbonizing 
furnace into a quenching bath 
By Fig. 25 is shown the depth of the 
carbonized shell that is obtained in this 
furnace by carbonizing for 4, 8, 10, 12, 14 
and 16 hours and then quenching in a 
lard-oil bath directly from the furnace 
The test bars shown in Fig. 25 were 
% inch in diameter and are reproduced 
here at about’ their actual size. The r 
sults as to depths for this set of pieces 


is as follows: 


rime for Depth of 
Carbonizing Penetration 
in hours in inches. 

} oO .0O40 

Ss oO Oo. 

10 0.071 

12 Oo o79 

0. OSS 

16 Oo. 090 


FIG. 26 


12 Hours 14 Hours 16 Hours 
Time for Carbonizing 


FROM THE CARBONIZIN } NACI 


would have very little carbon on the side 
which remained in contact with the re- 
tort, and for these it would be necessary 
to put something inside of the furnace so 
constructed that it would cause them to 
turn over. Delicate pieces which would 
be liable to break would also have to have 
some special apparatus inside of the re 
tort to protect them 


The furnaces 1 for carbonizing with 
gas are designed specially tor this pur 
post and are, th tore, not practi il for 
use as hardening, annealing, or tempering 


furnaces, although they might be mad 
useful for annealing or hardening large 
quantities of work by being fitted w 
appliances for handling the sam«e 

[his makes the cost of installation 


r than for the appliances used for 


igi 


5 Me 6 He Hour. au 


PENETRATION OF CARBON EACH HOUR FROM ONE 


503 
ONnIzINg ( ld way Lhe t of 
irbonizing wever, is about o1 li 
t that « ld eth rd, which make 
the furnace s pay for itself by the say 
ing in materials and lab 
W here cost of carbonizing 1 
duced t xtet kes it ¢ 
ciall p! ii to ¢ irb 1l1Z¢ St« | pa 
that were sidered prohibitive by 
high cost and 1 uniform result f t 
ld method 
No? V IFO! R sul 
()wing to t nature of the p ESs i 
01 ng e old methods it is ver 
difheult to obtain uniform results wit] 
neces packed in the same box, or t 
| hese results in other boxes 
| ’ ‘ all +] ‘ ’ 
| l » judge the temperature of th 
pieces packed in box it is necessary t 
Insert test wires through the cover After 
certain tin test wire near the outer 
edge of the box is withdrawn and _ th 
emperatt found to be just right for 
arbonizing, but if one is drawn out of 
he center of the box at the same time it 
vill be seen that the temperature here has 
iot risen high enough, as it takes a mucl 
longer time for the pieces in the center of 


he box to be raised to the proper temper 
ture than for those near the outer sur 
ices ot the box 

As the carbonizing material must b« 
packed in the box with the pieces, thi 
means that the pieces near the sides of th 
box will begin to absorb the carbon be 
fore those in the center, and, therefore, 
the penetration will be greate: As the 
percentage of carbon in the outer surfac« 
of the pieces being carbonized is great 
the greater the depth of penetration, it 
ilso means that the pieces near the outsick 
of the box will have a greater carbon 
content on their surface than the pieces 1 
the center, and this also means that the 
will be harder 

Carbonizing with gas overcomes this t 


large extent, if not entirely, as the car 
bonizing gas is not turned on until all 


of the pieces in the retort of the furna 


have arrived at the proper carbonizing 

temperature, and it is shut off the minut 

the proper depth of carbonization has 

been obtained The furnace can also bb 

o regulated that the same results can b 

‘btained with the next lot of pieces put 
the ri ‘ 
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roperties: Strength, Wearing Qualities, Etc. 


Methods of Testing Steel for Strength, Strains, Hardness, Etc.; Re- 
sults Obtained for Ordinary Carbon and Various Alloyed Steels 





chinery so that all 


il designing 


parts will give the greatest wearing qual 
itie withstand the greatest shocks and 
carry the greatest loads for the smallest 


amount of material used, it is necessary 


to know what the qualities of the ma 
terials are in this regard. For this rea 
son numerous methods and appliances 


have been devised to get the actual qual 
ities of metals before putting them into 


machines, buildings, bridges, etc 


One of the first and most important 
of these is the tensile strength. This is 
found by taking a piece of material, 


usually of a definite size, and pulling it 
apart by gripping both ends and applying 
a.steady strain, by pulling on one end, 
until it is broken. The 
to break the piece is the ultimate strength 
that it 


load required 


will stand. This is usually fig 


\ 





ae 


\ } 
} 
| 
| 
a 
—— Lemeenes —_ 
| 2 

nt 

ul l i ) W l Lah 
t breal juare 1N¢ S ectior oO! 

’ i 1] } 

l na 1 caiied ) lV ( li 

strengtl leulati te t 
| 

si] Ss < { ) cco l K l Tt 

: : 

latera I 

piece 

| pullis { a X I ( 
i cting which crea i resisting fore 

; 
witl ( i merely a 
otl way . Ney 
law oO! nowol i is 1 ( l ] resistance 
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molecule of the \ 

In subj t 1 
this pulling strain naturally assumes 
that the stress is uniformly distributed 
over any cross-section of the bar. bu 


this is not the case, as if two parallel 


lines are drawn near the breaking point 


will be 
found that the tension applied causes the 


and on opposite sides of it. it 


lines to become convex toward each 
other as shown by Fig. 27. This is caused 
by the metal stretching more on the 


tcl » ria > i ( Ut 

1 } i] 
i he irdel steel i Ss ¢ vex WI! 
these lines be One el 1 in 1 
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put, they are llel 


Ihe tensile strength shows the ultimate 
el will carry 


load that a piece ot st with 


i] 


out breaking, if it is applied 


direction in which the test is made. 


COMPRESSION 


The compression of body is the op 


posite of the ultimate strength, as in 


to get it te 


stead of pulling on the 


in the same 


taken on this machine. On this 
different kinds 
of steel to show their relative properties. 
Lhe test 

t] 


hence Lie 


at Was 


recorded several 


art is 
bar was I-5 of a square inch, 


strength and _ elastic 


should be mul- 


tensile 
limit shown on the chart 
tiplied by 5. 

lable 7 gives the results of these tests 
in the correct amounts as can be figured 
from the 

Phese larger 
and smaller sizes and one has been built 
and is in use which has a capacity of 
of a 


chart. 


machines are built in 


4,000,000 pounds. Test bars are 

















s | HIN I 
stretch ; ] ipphe 
in the opp 1S 
Vv J 4 > 4 hii 
be applied etal will decrease 

its permanent 
et, at wl p { elastic limit of 

mpressio ) 1 i or the 
ompression can on to th 
oint t which would 
ve T ( ( p Ssl 

lor thie i< Slit Strengtl i¢ compres 
sion tests machines similar shown 
in Fig. 28 are used. This has a pulling 
capacity of 100,000 pounds and scribes 
the result on a recording chart which is 


shown in white on the cylinder near the 
of the rhe 


also scribed on this chart 


machine elongation is 


top 
and the elastic 
limit is shown 


Chart 7 shows duction of one 





ING I 
pecial which is smaller in_ the 
tral portion than at the ends, as show 
ig. 27, and they are usually round 
ting steel by applying tensi 
itt ut stress to the unit 
f deformation is a constant up t 
ertain poit which 1s usually well de 
ed. This deformation is shown in the 
hing of the piece due to the stres 
posed and is called the strain 
s this strain or stretch disappear 
en the load is removed the metal may 


be called 


pt rf ctly elastic, as 


elastic No solid, however, 

slight permanent set 
takes place with the smallest strain. This 
the incline of the line from 
the bottom of Chart 7 to the elastic limit 
As 


small the body may be considered elasti 


is shown by 


long as this permanent set is very 


for all practical purposes 











“—~ 


~~) 








March 26, 1908 


Evastic Limit pear on removing 


By increasing tl stress we reach woul 
point where a decided permanent die 
takes place and when the load is remove om AN 
the piece will not go back to its original ©! 
length but 1 ins at the length it was WW!!! 
when the load was on. ‘This is the poi 
at which the metal ceases to have th 
property of elasticity by a yielding of th 
-ohesive forces which bind the molecules 
together, or in other words, the stress of Speci 
the pull becomes greater than the co 
hesive force his nt is called tl 
elastic limit and is shown on Chart 7 by 
the first sudden bend in the curves scrib Carbon steel for crank shaft 


the 

t C -U 
nereon. Vanadium—chrome steel 
Vanadium—chrome steel 


Vanadium steel 


From the elastic limit to the limit « 
the metal’s strength it might be that 


none of the st: in or stretch will disap 1 
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7. CHART TAKEN ON PULLING MACHINE SH 


Nickel steel for crank shafts 
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ad The metal manel S ne ‘ i wouid nen « 





s1 torce 1s n wroug! irol 1 is t reacted 
i small part intil we pass t lastic limit 
uld be elastic Increasing th tress farther, past the 
¢ ke a pe tic limit, makes t metal gradually 
sted c= 245 
—F Om ~ 
=aa St kh 
82. 500 50,000 30 66 
116,000 90,000 22 71 
crank aft 165,000 147,000 12 63 
00 O00 185.000 13 58 
28,375 228,375 


RESULTS OBTAINED FROM CHART 7 


lose its ductility until we reach the high- 
est point ot applied stress as show ’ 
A, Chart 7, at which point all the stram 
or stretch becomes permanent and the 
inetal is nearly.perfectly plastic. At this 
| 45,000 ~ ‘ : 
point the tensile strength has been reached 
and it is indicated on the pulling machine 
hown in Fig. 28 by the dropping of the 
beam of the scale, if it has been bal 


40.000 anced up to this point 


MopuLes oF ELASTICITY 

The modulus of elasticity indicates the 
pringiness or resilience of a body or, 
| 35,000 ther words, how much it will yield 
under any stress up to the elastic limit 
his modulus of elasticity is obtained by 


dividing any stress up to the elastic limit 


by the strain produced per inch of its 
30.000 : 
length [his is sometimes called the 
modulus of rigidity 
=. These modules of rigidity average 
= about as follows for different metals 
~onel ™ . 
0,0 S Aluminum alloys 10 million 
i Phosphor bronz¢ 13 
om Manganese 15 
A. Wrought iror 2s 
Mild open-hearth steel 28 
lool steel ) 
Nickel ste % 
Nickel-chrome stee 0 
1 2) O00 . 
my Vanadiun I e ster 30 
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Wher is litth I » el ition 
the Tri il l very brittle and the greater 
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brittleness. Thus steels which 


gree of 
have been quenched from a high temper 
little and 


been 


elongation 
show 


ature show very 


those which have burned al- 


most none, while a thoroughly annealed 
piece of steel will show a high percentage 
of elongation. 


Chis is well shown in Table 8 as well 
A 
™ eee 
FIG. 29 
as in the other tables in this article 


where elongation is given. 

The composition of the metal also has 
a great effect on these strengths, as was 
back in the effect of 

Che 


the strengths obtained in this table was 


explained farther 


alloying materials metal used for 


as follows: Carbon, 0.33 per cent.; nick 


0.43 
phosphorus, 


el, 2.50 per cent.; manganese, per 


cent.; silicon, 0.26 per cent 


0.023 per cent., and sulphur, 0.032 per 


cent, 


REDUCTION OF AREA 


\fter the elastic limit has been reached 
the elongation sets in, and as the mole- 
cular cohesion has not ceased a reduction 
a round test 
the 


This molecular cohesion causes 


in the area takes place. In 
bar this 


diameter 


would mean a reduction in 
the mass of the metal to flow and as the 
pulling increases the length, the area or 
in a round piece the diameter decreases 
While 
tain formulas may be adopted to figurs 


the the 


in nearly a like proportion cel 
elongation these 
the 


numerous 


reduction from 
results, as 


the 


only give approximate 


state the metal is in and 


alloying materials cause large variations 


The 


test bar usually takes in 


in the rules laid down 
the 


shape which 


this reduc 


tion is shown by Fig. 29 


rhe percentage of the reduction of ar 


1s obtained by dividing the original area 


minus the area after fracture, by the ori 


ginal area 


on Many Vears, and 


even today, in 
ordinary shop practice the tensile strength, 
or what the steel would stand in pulling 
apart and the elongation or the amount 
it would stretch under a given load, were 
all the tests which were given the metal 
as they were considered the all important 
While these are ‘very important tests it 
was discovered through many failures 
of steel that the metal might be very 


goad in these tests and still fail miserably 
in practice 

This 
th 


he elastic 


that 

up 
that 
measure 


conclusions 


the 
should be 


led to 
limit 
the 


reduction of 


has 
brought 


closer to tensile strength and 


the area is a truer 


of the molecular cohesion than the elon 
The being 


the force which binds together the par 


gation molecular cohesion 


ticles that go to make up the mass of the 
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steel, when it weakens the metal is weak- 
ened and when it ceases in a given terri 
the lat point or 
the 


tory metal fractures at t 

if it 

metal would deteriorate and crumble. 
Steel elongation 


before 


ceased throughout the mass 


might show a large 


final rupture, but this might be 


caused by a part of the cohesive force 


ceasing and the balance remaining con 
stant. This would have the tendency to 

miniature fractures 
the 


When the reduction of area, how- 


produce throughout 


the mass of metal and increase its 


bulk 
ever, 
small 


percentage with a 
that the co 
nearly 


shows a large 


elongation, it means 


hesive force has remained con- 


area 
the 
force will be shown and 


stant. The greater the reduction of 


in comparison with the elongation 


greater cohesive 


consequently a greater homogeneity. 


Chis lessening of the cohesive force 
has been given many names, such as 
“fatigue,” “mysterious failure,” etc., but 


the one which is the most applicable is 


“intermolecular deterioration,” as _ it 


causes what this name implies. 
RESULT OF INGREDIENTS ON STRENGTH 


Carbon alters the strengths of steel in 





March 26, 1908 


will increase this 1000 pounds in acid 
open-hearth steel and 770 pounds in basic 
color method of 
this should 


open-hearth. If the 


judging the carbon is used, 
be increased to 1140 and 820 pounds re- 
spectively, as this method does not show 
all the carbon present. Bessemer 
would probably show a higher and cru 
cible steel a lower value than this. As 
the heat treatment alters these strengths 
this rule can only be used approximately. 
Table the effect of different 
percentages of nickel in conjunction with 
a low-carbon steel on the strength. 
Table to shows the effect of some al- 
loying materials which are used in the 


steel 


9 shows 


highest grades of steel made. 

[ORSION 

which a test bar gives 
like a corkscrew is 


The resistance 
to being twisted 
called its torsional strength. 
best illustrated by 
which gives the number of 
the number of pounds which were applied 
to make these twists. This gives an in- 
dication of the ductility of different kinds 


Fig. 30, 


and 


This is 
twists 


of steel under this stress. 
The parts of machinery for which this 





Limit, 


ounds 





Reduction 





per cent 














Heat Treatment 2st Fe 
Z=s = 
io, a 
So F os 
Quenched from 1600° I 225,000 208,000 4 19 
Quenched from 1600° F. drawn at 600 215,000 201,000 6 : 
Quenched from 1600° F. drawn at S800 190,000 150,000 9 20 
Quenched from 1600° F. drawn at 1000 170,000 145,000 12 37 
Quenched from 1600° F. drawn at 1200 155,000 125,000 14 38 
Quenched from 1600° F. drawn at 14000 135,000 98,000 17 48 
Quenched from 1600° F. drawn at 1600 104,000 65,000 24 51 
Thoroughly annealed 88,000 60,000 28 58 
rABLE 8. STRENGTH OF STEEL AS EFFECTED BY HEAT TREATMENT. 
sz ms 25~ Heat Treatment 
~~ — — 
A A 2 
1—1.5 78,000 18,000 18 35 Quenched from 1650 degrees F. 
2.5—3.5 97,000 82,500 15 1 Quenched, drawn at 600 degrees. 
2.5—3.5 85,000 60,000 18 48 Quenched, drawn at 900 degrees. 
2.5—3.5 80,000 68,000 20 52 Quenched, drawn at 1200 degrees 
2.5—3.5 71,000 50,000 22 64 Quenched, drawn at 1500 degrees 
1.5—6 121,000 107,000 12 50 Quenched from 1650 degrees F. 
1.5—6 102,000 74,000 15 28 Quenched, drawn at 600 degrees. 
1.5—6 88,000 63,000 20 51 Annealed at 1650 degrees F. 
16—18 199,000 114,000 6 22 Annealed at 1650 degrees F. 
22—26 114,000 50,000 35 73 Annealed at 1650 degrees F. 
30 80,000 28,000 i4 78 Annealed at 1650 degrees F. 
rABLE 9. STRENGTH OF STEEL AS EFFECTED BY DIFFERENT AMOUNTS 
OF NICKEL. 
such a manner that one can almost lay test is applicable are numerous, as this 


down a definite rule as to its action. 


Pure iron has a tensile strength of 45,000 
pounds per square inch and a compres 
sive strength of 80,000 pounds. 


If we start with pure steel at 40,000 


pounds tensile strength per square inch, 


each 0.01 per cent. of carbon up to 09 


for crank- 
line-shafts and numer- 


strain is given steel used 
shafts of engines, 
ous other parts which act as a transmitter 
power. Some use this test to deter 
mine the of metals, 


but it only gives this to a slight degree 


of 


shearing strength 


by showing the resistance of one cross- 
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section to slip over another with the load parative impact tests can be readily made 
applied at some distance. The number of blows the metal will 

The shearing test is useful in deter- stand before rupture occurs and the « 
mining the strain that bolts and rivets flection in inches from each ow 
will stand and should be applied as its readily obtained The deflection would 
name implies, by having two jaws come be obtained by placing straight-edge on 

Alloying Materials Used === =$: 3 =: 
=sé S< a. 7 ot 
Carbon-manganese steel (plain 56,000 34,000 60 35 
rhe same plus 2.5 per cent. nickel 71,000 50,000 64 28 
The same plus 3.5 per cent. nickel 80,000 68,000 61 20 
rhe same plus 5.0 per cent. nickel 21,000 07,000 i4 12 
rhe same plus 0.5 per cent. chromium 72,000 16,000 61 33 
rhe same plus 1.0 per cent. chromium 80,000 52,000 37 30 
rhe same plus 0.10 per cent. vanadium 72,000 60,000 60 31 
rhe same plus 0.15 per cent. vanadium 76,000 64,000 9 26 
rhe same plus 0.25 per cent. vanadium 82,000 72,000 At 4 
rhe same plus 1.5 per.cent. nickel and 0.80 chromium 90,000 65,000 35 18 
rhe same plus 2.5 per.cent. nickel and 1.00 chromium 120,000 95,000 65 15 
rhe same plus 3.5 per cent nickel and 1.00 chromium 126,000 115,000 64 8 
rhe same plus 1.0jper_cent. chromium and 0.15 van- 
adium. 102,000 76,000 7 »4 
rhe same plus 1.0 per cent. chromium and 0.25 van 
adium. 128.000 104.000 16 19 
The same plus 1.0 per cent. chromium and 0.15 van- 
adium, hardened 178,000 148,000 is 16 
rhe same plus 1.0 per cent. chromium and 0.25 van 
adium, hardened 202.000 188,000 15 12 
TABLE 10. EFFECT OF ALLOYING MATERIALS ON STRENGTH OF STEEI 
together over a piece of metal so they the bar and measuring from | to the 
will just pass each other, and noting the center of the test bar after each blow 


number of 


metal in two piece 


[RANSVERSI 


\ bar supported at its two ends and 


truck in the 


gives the resistance 





pounds 


center 


Ss 


STRENGTH 


uired to cut the This shock test is used 
the Krupp Steel Works « 
good results, 
AND IMPACT Another method which is 
for ascertaining the capacity 
a falling weight withstand shocks and blows, 
of the metal to shock words impact, is to fracture a 


r 
CY 


by 


a good deal by 
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yr 


good 


metal 


»f Germany with 


one 


to 
in other 
bic inch 
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under impact. 





test bar I 






fall 3 feet, 





inch 


lf the force is applied 
adually the transverse strength is given. 
By having the supports 12 


‘ighing 500 pounds, and the 
as shown in Fig 


FIG, 30 RESULTS TORSION TESTS 


of metal by a 


distance, or by the 


inches apart, pounds. 


square, a hammer tory of England has had 
hight of signed to make such te 
31, com- them automatically, as tl 


vlven Wwelgnt 


number 


falling a given 


foot- 


The National Physical Labora 


a machine de- 


and 


record 


consider 


it 








a good guide for the specifications of 
certain parts of machinery 
The transverse strength can be obtained 


1 
} 


by connecting the gradually applied stress 


to a scales. The number of pounds that 


the test bar will stand before a perma 
ent set takes place and before rupture 
ccurs will then be easily obtained. Fro 
is can be figured the load that a giv 
en steel will carry between given centers 
It is a very usé ful test for practical 
purposes 
HLLARDNESS 
Ilardness being a relative term it is 


good definition for it 


have been 


hard to obtain a 


and consequently many given 


By hard steels are generally understood 


those that resist being scratched to the 
greatest degree or those in which the 
wear under friction is reduced to a min 
imum 

or measuring hardness many devices 
} been used with more or less dis 
satisfaction, owing to the difficulty of 


obtaining accurate results until the scler 


oscope was brought out last year 

The most commonly used devices were 
- = 
— > 
FIG. 31. IMPACT TES1 

st f noting the relations between 
e number of revolutions and the depth 
of penetration of a drill which was run 
under a constant load and at a constant 
speed This could not be made to work 
on the hard steels used for tools and 
therefore it was limited in its work 
\nother test was with the machine which 


gave in grams the result of a diamond 
scratch on polished surface A third 
is that of the indentation caused by a 
hardened bali of a given diameter being 
pressed into the metal under given 
pressure and then measuring the depth 
of the indentation The last two meth 
ods were very hard to apply owing to the 
fine measurements which were required 
ind therefore were only used in_ the 
laboratory 

Ihe scleroscope, as shown by Fig. 32, 
will test the hardest of steel or even 
glass as well as softer metals and the 
result is obtained at a glance, thus mak 
ing it simple to us« In operating it a 
steel ball is dropped from a hight of 
to inches on an anvil block with a 
slightly rounded point. This will indent 


the test piece 


slightly and the ball will 
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nd [he hight to which the ball good thing, these should not be reduced 
rebounds will give the degree of hard ut the dynamic properties should be 
ness. The anvil block will sink into soft increased. We should not try to increas« 
netals farther than into hard ones, hence the static strengths to such an extent 
he ball will rebound the farther tl that the dynamic properties are neglected, 
irder the metal if we are to get the best results out of 
2 teel, especially that used for the 
DyNAMICS ing parts of machinery 
Dynamics is the theory of forces in 


° . ° - > NY ‘ RY STRESSES 
motion or the motions of a system of ALTERNATING AND ROTARY STRESS! 


particles. Until very recently the dynam Alternating stresses are one of the 
ics of steel have not been thought of most imp rtant of the dynamics of steel, 


enough importance to submit the metal as nearly all metals used in machinery 








to tests of this character, but the rapid construction are submitted to these more 
improvement which has been going on or less, owing to the vibrations which 
in machinery has produced problems the metals are subjected to. These may 
vhich demand different qualities in steel take two forms, one being that of plac- 
so , 
y "mn 
3% 233 
oF) =mo 
ES  r-) Rotary Vibrations, 
" = A a Number of Revolutions 
Kind of Steel aie sis 
e° wen 
Sk ene 
se: =~ 
32 =Z25 
=z, SZ, Stead Souther 
Carbon’axle stock 12.3 960 25 6.200 20.000 
Nickel axle steel 14.0 800 35 10,000 
Vanadium /axle,stock. 16.5 2700 69 67,500 100,000,000 not_broken 
rABLE 11. TESTS OF DYNAMIC QUALITIES 
from those found in the static tests. ge the metal first under tension and then 
For instance, steels have been used 11) inde r compression, and the other is that 
thea > no - R - ee z — x ; ie = 
the moving parts of machinery which f applying the stress, then ceasing it 
showed high qualities when submitted to and applying it again. The intervals be- 
Static tests such as tensile strength, elas- tween these applications should be short, 
tic limit, elongation and reduction of so that the metal will not have time to 
area, yet when used for a short time’ rest between them \nother method of 
failed, these failures being claimed to applying this stress is to bend a test 
be due to a crystallization of the metal bar in one direction and then bend it in 
to an extent that caused rupture the opposite direction in rapid succession. 
Steels that will bear quite a load when \ simple machine for doing this is 


steadilyyapplied, or will bend under this shown in Figs. 33, 34 and 35, one of 
load and will stretch considerably before which shows the bar bent in, the second 
breaking, do not always behave equally one showing it bent out, and the third 


well when stresses of a different nature shows the machine in operation 


are applied While the static strengt] This form of test will show the mo 
and dynamic stresses seem to travel in tions that a system of particles, such as 
parallel lines, this is not always the casi steel is composed of, will stand before 
and we sec f late many failures due to the cohesive for which holds the 
the work whic! steel has to per fe rm, particle together ceases to act and the 
which have heen misnamed “mysterious metal is ruptured. In other words, this 
failures.” hows that the metal’s life has departed 
These fail r sually 1e to t nd deat! as occurred 
fact that tl | een subjected to Rota rational tests differ slightly 
peat ppl ! t s which ugh they are very su 
A fa elow la limit vet nsist in twisting the metal 
\ ess] tract by l 1 is distorted from its normal 
ing ( noleculat in posit \ back in th 
, { t ‘ f /pposi t distance is 
t] art 1 1 In t there wa show Fig ese twists are usual 
) ipprec! ] le tr ’ reduecti lw rt f fr n he 
f : fs , ae rt varisons | sily 
\ll steels will break or deteri t ide 
ime is evervthing ] its life nd dea One \ 1 wit! 
but by mal steel f higher dynami 1s y vibratior f 1 which an 
perties it will prolong their inl it rd \ ! 100 twists 
forces i ind hence prolong its while a high-grade alloy steel stood 250,- 
life 000 twists before rupture 


——" tatie eee : With this, as with tl Iternating 
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bends, the greater distance the metal is 


bent from its normal position, the smaller 


will be the number of bends. The dis- 


tance of the bend is therefore essential 


in making comparisons with other tests 


which have been made. 
An extreme example of 


the submission 


of metals to these stresses is that of an 
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FIG. 32. THE SCLEROSCOPE 











n 








March 26, 1908 
automobile in motion, as shown in fig 


Per, 


PENDULUM IMPACI 
[he pendulum impact tests are made 
by having a weight swing as a pendulum 
does and strike the test bar which 1s 
placed at the lowest point of its swing 
The results can be obtained by measur 
yr the number of foot-pounds which 


a 


it takes to break the test bar with on 
and the number of blows that ar 
quired to break it recorded 

\ series of tests was carried on with 
a pendulum impact machine which showed 
a wide difference in steels of different 
ompositions to resist disintegration, or 


in other words, the cohesive force was 


much greater im some steels than in ot 
rs. Care was used to see that all the 
test bars had nearly the same tensile 
strength. 

Che results of these tests are as fol 
lows Carbon steel stood 11 foot-pounds, 
nickel steel 14 foot-pounds, and vanadi 
um steel, 17 toot pounds 

The shock was made less violent and 
repeated until the test bar broke Chis 
showed 25 blows for the carbon steel, 
35 for the nickel steel and 69 for the 
vanadium steel. 

[The impact was made much lighter 
und repeated at a very fast rat Chis 

0k 300 blows to rupture the carbon 
) rupture the nickel steel, and 


steel, 290 
540 blows to rupture the vanadium steel 
lhe conditions were next made very 
much less severe and the carbon steel 
stood goo blows, the nickel steel S800 
ows and the vanadium steel 2700 blows 
The conditions were again made much 





ALTERN ATIN¢ 
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less severe, a permanent flexion being 
scarcely produced, but the alternations 
of stress were increased to 1200 per min 
ute. This resulted in the carbon steel 
standing 6000 blows before it ruptured, 


the nickel steel 10,000 blows and the 
vanadium steel 67,000 blows 


Som ther of the high-grad illoyed 
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Fit 37. VIBRATIONS OI 
steels lay SHOW as 2 1 results as thes: 
rut is tlhe rures ire not it ind they 

nnot be offered Ipariso 


CONCLUSION 
Table 11 shows some other dynamic 
tests which were made on different steels 
Steel astings have also been looked 


after in regard to their dynamics and 
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Working and Forming Steel into Shape 


Methods Used in Rolling, Forging, Welding, Casting and 
Machining and Effects on the Strength and Grain of the Metal 





Rolling 
CRYSTAL [FORMATION 
has slowly from 
as is the case with that 


Steel which cooled 
the liquid state, 


which has been cast into ingots from the 


converter, furnace or crucible, forms 
into crystals which do not show the 
same structure throughout. The outer 


shell of the ingot will have a different 


structure from the rest of the mass due 


to its cooling quickly and therefore it 
is under strains until the center of the 
ingot has cooled. The top of the ingot 
also has an area of abnormal crystalli- 


zation which is due to segregation. There 


is, however, the same general crystalline 
character in the largest part of the ingot. 

In passing the steel between rolls, to 
reduce it to the sizes and shapes wanted 
in the finished machine, this crystalline 
broken up and a grain 
which is much finer takes its place if 
the temperature of the metal during roll- 
ing has been kept slightly above its high 


grain is new 


est point of transformation, as at or just 
grain structure 


the 


above this point a new 


is born which makes metal more 
homogeneous. 

This formation of grain continues af- 
ter the steel leaves the rolls until it has 
cooled below its lowest point of trans- 
formation at which point it sets, and no 
more change will take place until the 
metal is heated to the critical point again. 

In rolling steel it is frequently heated 
Fahrenheit to 
that 
damage i This 
for the fact 


exerted 


degrees 


would 


to from 2000 


2400 degrees, and it seem 


this would seriously 


would be so if it were not 
that the mechanical 
upon the metal by the rolls breaks down 
the large crystals formed by this high 
temperature and reduces them to a small 
The final size of the crystals is, 


pressure 


size. 

therefore, dependent upon the tempera- 
ture of the steel at the finish of the 
rolling process. Finished steel has a 


finer grain structure if the last rolling 
operation receives the metal at a temper- 
ature which is falling from 1650 degrees 
F. to 1400 degrees, which are the high- 
est and lowest points of transformation, 
than if it is finished at 2000 degrees F. 
or any temperature above the highest 
point of transformation. On the other 
hand, if the rolling be continued after 
the temperature of the steel has fallen 
below the lowest point of transformation, 
strains are set up which make the piece 
unfit for use until it has been thoroughly 
annealed. 


RULES FOR ROLLING 

Four rules might be established in roll- 
ing steels which will affect the final size 
make it what it 


First, the roll- 


of the grain so as to 
should be and these are: 
ing operations should be continuous from 
temperature employed down 
long 


the highest 


to the finishing temperatures as 
waits, such as are generally made neces- 


when the metal is formed roughly 


sary 
to shape and size at a high heat, then 
allowed to cool and a little work done 
upon it at the lower temperature, are 


liable to cause a coarse grain that will 
not be made fine by the last rolling. 
Second: There are better results ob- 
tained if the steel is passed several times 
through the rolls with a small reduction 
in the size of the metal each time, than 
if a large reduction is made with a very 


few passes. 


Third: In rolling a large piece a 
great reduction can be made during the 
first pass through the rolls, and the 


amount of reduction gradually decreased 
with each passage through the rolls un- 
til the finishing roll gives it just the 
right amount of reduction conducive to 


the making of the grain as fine as the 
steel will assume, 
Fourth Ihe steel should reach the 


finishing roll so that the temperature will 
be falling 1400 
degrees, while it is passing through the 
rolls. It should not be allowed to go 
1300 degrees until all the rolling 


from 1650 degrees F. to 


be low 
operations have been finished 
TEMPERATURES 


HicgH AND Low 


Steel is so mobile at very high tem- 
peratures that it yields to distortion by 
another, 
but as the 
mobility of the mass becomes less, and 
less sliding is possible. The crystals then 


crush against each other and at the lower 


sliding one 


temperature 


crystals 
the 


the past 


decreases 


temperatures a crushing of the crystals 
only takes place. 

To obtain the very best qualities in a 
carbon steel that it is pos- 
the work of rolling 
just at the time 
begins to separate from 
solid solution. Rolling the work below 
the temperature at which this occurs, 
which is while the metal is cooling from 
1650 degrees F. to about 1300 degrees, 
greatly increases the brittleness of the 
metal, while rolling the steel at a higher 
temperature lowers the strength, owing 
to the coarser grain which is given the 
metal. For steels of all other carbon 
contents it is logical to assume that the 


0.50-per cent 
sible to 

should be 
when ferrite 


produce 
completed 


same rules hold good but it is possible, 
although not probable, that further in- 
vestigations may change them. 

Steels are rolled in a large variety of 
standard such as round, square, 
oblong, hexagon, octagon, tubes, L, T, U, 
I shapes, ete. and obtained in 


nearly any special shape desired provid- 


shapes 


can be 


ing enough is wanted to pay for the 
making of rolls. : 
Casting 
APPARATUS FOR MELTING 
Casting steel consists of pouring the 
metal in a fluid state into molds which 


give it the desired shape. These shapes 
can be given most any kind of an in- 
tricate form owing to the shape being 
given the mold by a pattern and cores. 
Many different methods are used for 
melting the steel and some of these ar 


t 


the same in principle as those used for 


converting the blast-furnace metal int 
steel. 

The cupola has been used to a larg 
extent but does not give good results, 


as the metal is much altered in remelt 
ing by the alterations in temperature and 
the exposure of the metal. The change 
in the metal is made by the absorption 
of the carbon and changes in the silicon 
and manganese. 

Pig iron and steel are melted together 
in the cupola but this is not a normal 
be called a_ hybrid 
metal which is useful for special pur- 
poses, but fundamentally different from 
any kind of steel. It is a little better 
than cast iron and is a very cheap mix- 
ture comparatively. 

The open-hearth furnace is 
great deal for melting steel, 
castings, and might be considered 
cheapest method of turning legitimate 
steel into castings. Scrap steel and iron 
are used in this furnace, but they are 
melted under an oxidizing flame and the 
metalloids are almost entirely eliminated, 
thus giving a definite starting point from 
which a known and regular metal can 
be made by the addition of recarburizers 
In this country the acid open-hearth fur 
nace is nearly always used, but in Ger 
many many basic open-hearth furnaces 
are used. 

The bessemer converter with its vari 
ation called the Tropenas process is use‘ 
by many for making steel castings, and 
this if properly run gives good results 
in the castings. In the bessemer con 
verter the blast is blown in at the bot- 


product. It might 


used a 
for steel 
the 
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om, while in the Tropenas process the air 
is blown at a low pressure upon the sur- 
face of the molten metal. Some four to 
seven inches above this set of tuyeres is 
another set, which supplies air to burn 


the carbonic oxide, the upper set not 
being operated until the blowing is well 
under way. Some have adopted side 
blowing in this style of converter. It 


} 


reates a greater amount of heat owing 
the more perfect oxidation of car- 
bon and to a burning of a proportion 
\f iron. 
[he crucible process has been used to 


me extent for small castings, and t 


t som 


rf the special alloyed steels 
ts condition of “dead-melt” gives a more 
liet metal, generates less gas when the 
etal comes in contact with cold sur 
faces and the castings are more liable 
be free from blow holes 

This method produces the best steel 
astings but it is the most expensive 


av of making them 


Risers, GATES, Er 
In making steel castings about 40 per 
of the melt is used to supply risers, 
es, vates, etc., and there is. cons 
ntly a loss in‘remelting these 
The risers which are sometimes called 
heads run from the top of the ld 
the casting and are put on all thick 
ctions of the casting to feed the metal 
it while it is cooling and. shrinking. 


These must be kept from solidifying un 


til after the casting has become solid by 


ontinually stirring with an iron rod. 
The sprue is the name given the open- 


1 


g into which the metal is poured and 
his runs from a pocket in the top of 
e mold to another pocket, which is 
ually located near the bottom of the 
asting. From this lower pocket to the 
pening in the mold which is to form 
e casting, are cut other openings so the 
etal will be able to flow in. These 
penings are called gates [his arrange- 
ent is made necessary to prevent the 


liquid metal from tearing up the mold, 
| 


it would do if poured directly into 
he opening that forms the casting. The 
etal left in these when the casting is 
ured has to be broken away from and 
ipped and sawed off of the casting 
hey are then remelted to make other 


istings. 


COMPOSITION OF STEEL CASTINGS 
Steels with various alloying materials 
of numerous different compositions 
being used for castings today. The 
rbon content of these varies with the 
to which the casting is to be put. 
r 0.70 per cent. carbon is seldom used 
astings Owing to its making the steel 


hard to machine, and in 


complicated 
pes the shrinkage cracks are liable to 


ne dang rous 


castings man 


the ordinary steel 
1 


~~ 7 


should not exce¢ 


0.70 per cent 
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soft castings and o8o per cent. for hard 
ones, as more than this is liable to make 
the metal crack when shocks are applied 
to it. Silicon may have a percentage of 
0.10 in the soft castings and 0.35 per cent 
in hard ones without diminishing the 
toughness. Aluminum is used by many 
in making castings, as it has a great af 
finity for oxygen and will remove the 
last trace of this from the iron. It also 
aids in dissolving or occluding the gases 
It has a tendency to make the metal 
sluggish but this will enable it, the bet 
ter to run. through small passages as 
without it the metal foams and froths 
when it comes in contact with cold sur 
faces, thus impeding the flow and chilling 
the advance guard of the stream. Alum 
inum should oxidize out of the steel and 
not show over 0.20 per cent. when th 
steel is analyzed but it is better if only 
traces are left, as it decreases t! 

ity. 

Sometimes the phosphorus is allowed 
to be as high as 0.08 per cent. but when 
the castings are to be submitted to phy 
sical test the phosphorus and sulphur 
should be kept below 0.05 per cent 

The physical properties of ordinary 
steel castings should be above the fig 
ures in the following tabk 


Hard Mediun Soft 


Cast- Cast- Cast- 
ings ings. ings 
Tensile strength in Ib 
per square inch 85,000 70,000 60,000 
Elastic limit in Ib. per 
square inch. 38,500 31,500 27,000 
Elongation percentage in 
2 inches. : 15 18 22 
Reduction of area per 
cent. ‘ 20 25 30 


A chemical composition which has 
given good results for locomotive side 


frames analyzed as follows: 


Carbon a la an 0.27 per cent. 
Manganese. . 0.57 nel lis 
Silicon. .. ; 0.26 
Phosphorus. . . a 0.048 

Sulphur. — oo = 


Test bars from this showed a tensile 
strength of 68870 pounds per square 
inch, an elastic limit of 36,450 pounds 
per square inch, an elongation of 20 per 


cent. and alternating vibrations of 4707 


VANADIUM-STEEL CASTINGS 


Vanadium has given such good results 
in rolled steels that it has been taken 
up by some of the steel foundries. In one 
case the usual mixture gave a steel show- 
ing a tensile strength of 68,580 per square 
inch, an elastic limit of 36,290 pounds, 
an elongation of 20 per cent. and resist 
ance to alternating vibrations of 4706 
To the above mixture was added 0.22 
per cent. of vanadium 
uct added the following strengths were 


With this prod 


obtained: tensile strength, 77,160 pounds 


per square inch, elastic limit 46,450 
pounds per square inch, elongation in 2 
inches 20 per cent. and resistance to al- 
ternating vibrations, 14,971 It also in 
creased the breaking strength to more 


511 


than double and in some cases treble that 
if the ordinary steel 

It is in the vibrational stresses that 
vanadium shows its great superiority, and 
these tests were made on an alternating 
bending machine by gripping the test bar 
rigidly at one end and bending the free 
end upward and downward 'g inch from 
its axis. It gave a total length of stroke 
of % inch, and this at the rate of about 
3 strokes per minute. 

Before adding the vanadium in the fur 
nace it is necessary to have the oxides 
all removed from the metal, as the vana 
dium has a great affinity for oxygen. If 


xides remain in the metal, the 


any of th 

anadi vill venge them out and go 
off in the slag. owing to its great elusive 
ness; but as vanadium 1s too expensive to 


use as a scavenger, the oxides should be 
removed before it is added to the steel. 
Many failures in the use of vanadium 
in the past have been due to this elusive- 
ness or its affinity for oxygen, as many 


thought that if they put the vanadium in 
the steel, it myst be there after pouring 
\s a matter of fact, it might have com 
pletely oxidized out of the metal and not 

en it any of the desirable properties 

1s capabk o! 

With the oxides removed and other 
necessary precautions taken, the vanadium 
can be added with an assurance that it 
will be in the metal when analyzed; or 
more correctly speaking, that 90 per cent. 
of it will show on analysis, as a loss of 
more than 10 per cent. in the melting is 
uncalled for 

In using the acid open-hearth furnace for 
melting steel, the vanadium is added to 
the mixture just before tapping. The 
slag is raked from the top of the molten 
metal, the ferro-vanadium thrown in and 
the whole allowed to stand a few min- 
utes, so that the vanadium will thorough 
ly mix with the metal 

As about 40 per cent. of the steel melt- 
ed for castings goes back to the fur- 
nace, in the shape of risers, gates and 
sprues, to be remelted, the vanadium is 
lost in these owing to its oxidizing out 


during the melting process 


NICKEL-STEEL CASTINGS 


Nickel added to steel in percentages 
of from 1.50 to 3.50 combines a high 
tensile strength and hardness, and a very 
high elastic limit with great ductility, 
therefore it is being used for steel cast 
ings with good results. 

For some time it has been cast in 
large castings, such as rolling-mill gears 
and pinions and it is now being cast by 
a few foundries in small castings such 
as are used for automobile parts. It is 
difficult to cast in castings which have a 
thinner section in any of their webs, 
ribs, etc., than of an inch. 

The ductility which lessens the tenden- 
cy to break when overstrained or dis- 
torted combined with the very high elas- 








tic limit, makes it valuable tor such parts 
crank-shafts on internal-combustio1 
engines and these have been cast of nick 


el steel 


althoug! 


and given satisfaction in_ use, 


forgings are much better for 


this purpose. Front axles, of I-beam se 


tion, have also been used successfully on 


iutomobiles 


Nu IK ( steel castings | NV tensil 


~ 


m 75,000 to 838,000 pounds 


per square inch, an elastic limit of from 
0,000 58.000 pounds per square inch, 
in elongation in 2 inches of from 25 to 


and a reduction in area ot 


his brings the elas 


10 to 1s per cent 


tic limit up nearer to the tensile strength 


an in the ordinary steel castings as well 


increasing this and the elongation and 


reduction of area This would indicate a 


LLCT 


sion and the 


resistance to shock and compres 


rendering of castings that 


al more ductile and tough than those 
ule of the ordinary steel 
| t <TH ( \STIN 
; 1 


In this process the metal is taken di 
rect from the furnace to a heated mixet 


where the materials are added 


to make tl 


e metal can be kept liquid as 


prope I 


required quality of steel 


long as 


desired in the mixer and its chemical 


adjusted by the addition of 


lhe 


metal fron 


properties 


different materials mixer is kept 


full by transferring the fur 
When the 


mixer is tapped and the 


metal is wanted tor 


nace 
casting the metal 
run into ladles from which it is poured 
into the 


Chis 


molds as in other castings 


away with the re 


does 


proc ess 


melting of the metal in a cupola, conver 


ter, open hearth furnace or crucible and 


losses from shrinkage. It 


its consequent 


produces a better and ner-grained meta 
by the mixer reducing the gases which 
ome in contact with the metal in the 


cupola or furnace 


Castings of direct steel can be obtained 


with guaranteed physical properties as 
follows: tensile strength, 70,000 pounds 
Tas | squat inch, elastu limit 35,000 
pounds per square inch, elongation in 2 


inches, 25 per cent. and reduction of area, 
jO per cent 
These castings can be forged, welded 
nd case-hardened and will machine as 
ily as machinery stecl Phev can als 
} ent freely when cold fore breaking 
\I ANGANESI EI C ASTIN 
Manganese steel witl é inganes 
ranging from 12 to 15 per cent. and the 
ri Ol mtents hig b ) esstull 
cast and sed for such parts as have 
t ist wear from gritty substances sucl 
counte loin roe ers or il 
machinery used around yncentrators 


Mangan se steel has tl peculiar prop 


erties of being so hard that it cannot 


be machined in combination with a mal 


leability which enables it to be headed 


cold when made into rivets, and a tough 
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ness which gives it remarkable 
to resist wear and shock stresses as well 
as cold bending. 

When they | 
are much more brittle than 


ave the mold manganes 


steel castings 


cast iron, but by heating them to about 


IO50 deerees | 


and quenching in water, 


they are given their properties of great 


toughness and ductility 

Owing to their being too hard to ma 
chine all finishing must be done by grind 
desired to make a 


out i 


ing, but where it 1s 


it by machining, such as_ boring 


hub, a piece of metal that can be ma 


chined is placed in the mold and _ the 


nanganese steel poured around it. By 


making this piece with numerous fins the 


1anganese steel will shrink around it so 


it it will nearly as firm as a solid 
a Mig 

The gases generated in pouring the 
etal a » low that the molds can be 
immed v hard and with a fine sand. 
In this way surfaces are obtained that 


is finished castings 


smooth 
little 
i tinished 


Its shrinkage is 


nd but grinding is required when 
desired 


double 


when cast and it 


surtace 1s 
about that of 


ordinary steel cannot 


in any very intricate shapes, nor 


can it be cast in any section which is 


than '4 of an inch. 
When properly 


teel castings will show 


thinnet 


heat-treated manganese 


a tensile strengt 


of 140,000 pounds per square inch, an 


elastic limit of 55,000 pounds per square 


inch and an elongation in 2 inches of 45 
per cent 
CHROME-STEEL CASTINGS 


Where a great hardness is desired such 
I manufacture of 


added to steel 


required in_ the 
projectiles, chromium is 
[his gives the metal 


that is to be cast 


a mineral hardness that cannot be ob 


tained with any other alloying material 
ind also refines the grain 
lhe uses to which these castings can be 


put is limited, however, owing to the dif 


heulty of machining The castings can 
not be made in any intricate shapes ot 
hin sections owing to the difficulty of 
naking the metal ftlow isily, but for 
such things as projectiles no better steel 
s been found for casting and its usé 
Puinese n sing 
Forging 

| parts which cannot be pro 

ce from the rolling-mill shapes, or 
1ade in castings, forging is resorted t 
nd there are several different ways of 
Irn t these forgings v hand. u 
der a steam hammer, in a_ hydraulic 
press, or in a drop-forging press. Th 
st of these different methods of produc 


tion depends largely on the number of 


pieces required of the same shape, but 


the size 


be forged as well 


components of the 


of the piece to 


— 


steel have an 


ability 
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influence on which is the best as well as 


the cheapest method to use. 


HAND ForGING 
When small pieces and but few of a 
kind are wanted, the hand forging 1s un- 
the but for large 


pieces, Or where a large quantity 1s want 


doubtedly cheapest ; 
ed, hand forging is the most expensive 
way of producing them and the strength 
is not apt to be as great as by any ot the 
With a blacksmith shop 
skilled 
make forgings that are stronger than a 
rolled the To do 


this the piece must be hammered between 


other methods. 


properly equipped, a smith can 


bar trom same ingot 


the proper temperatures, which varies 
with the different grades of steel 
A nickel-chrome steel must be kept at 


2200 degrees F.. which is a bright yel- 


low color, all through the forging opera 
the steels, 


some of carbon 


that 


tions, while 


particularly those are high in car 


bon, cannot be heated to a temperature 


over 1800 degrees F., without burning 


the metal, and when once burned it can 


not be returned to its former state with 
out remelting \ vanadium-chrome steel 
will give as great strength as a nickel 


chrome and can be forged as easily as a 


0.40-per cent. carbon steel 


EFFECT OF CARBON 


Che highes the carbon content the 


more danger there is of burning and a 


steel with I carbon is 


difficult to 


per cent. ol 


very 


forge at all owing to the 


extremely low temperature at which it 
must be worked The smith must also 
regulate the weight and effect of the 


blows so that it will be finished just as 


it reaches a blue heat This will pre 


vent the formation of large crystals, gi 
the homogeneous 


piece a dense, 


the 


grain 


with atoms holding together by a 


high cohesive force and result in the 


increased strength 


the 


steel having an 
he steel 
for forging under the 


the following composition 


; 
which is best adapted 
hammer has about 


Carbon, 0.15 


per cent.; silicon, 0.20 per cent.; man 
ganese, 0.52 per cent phosphorus, 0.06 
per cent.; sulphur, 0.04 per cent 


This 


show the following physical characteri 


steel in the annealed state will 


tics ensile strength, 55,000 pounds 


per square inch: elastic limit. 30,000 


pounds per square inch; elongation ji 


cent reduction rf 


When fra tured it will show » ell 


HIGHER-GRADE STEEI 


oi . 
Bu ror many purposes a steel 


much greater strength than this must |! 


hand-forged and then it becomes 


nec 
sary tor the smith to understand t 
nature of its 


component parts so he ca 


forge it successfully, as of tl 
high-grade alloy steels can he render 


no better or 


many 


stronger than the ordinar 
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arbon steels by ove! I cael aluing ward, cannot bring it bz 


nd poor workmanship homogeneity, as some parts will have a Irrent t air blowing in it that 1s 





. i : I 
in many cases welds are abs lutely a denser grain thar thers nd therefore trong enoug to remove all of the scale 
ecessary to produce the required shapes be stronger. =e worl Pe e piece being forged 
da steel of the following composition air blast should be directed so it 
the best suitable for welding Car Dror-H sacle vill not | the hot metal being forged 
mn, 0.080 per cent.; silicon, 0.035 per When enough pieces, of one shaj Daeck sal rushes can he used for this 
ent.; manganese, 0.110 per cent.; phos- f° wanted to wear out a set of d ieee » ¢ ir is quick and if 
orus, 0.012 per cent.; sulphur, 0.007 the cheapest and best way of producing welt odtess more positir The ur 
er cent these in the high-grade alloy steels, is ner halt ft] hould be k pt well 
It the annealed state it AS ghee by the drop forg process ney cs -— ‘ will no tick t that 
e following physical haracteristics then be made in one piece without welds rh y rubbing wah 
ensile strength, 48,000 pounds per ¢xcept in pieces which are many times oq) coal | through the die every 

re inch; elastic limit, 25,000 pounds /onger than a section through them a1 time it is rais ff the work 
r square inch; elongation in 2 inches, these are so difficult to keep at t 
> per cent reduction of area, 69 per Proper temperature that they are usually \ RATE FORGIN 
nt forged in two or more pieces and then 


1 ] } } ry \QV eel +} ; "¢ ‘ = ; . 
y . Ty iectrically welded togetne! i he x\ With ( | periy ( ( 
FoRGING UNDER STEAM HAMMEI : : ; , ; ; 


I icet ene iOwplt ~ e¢ rougnt WoO 5 W L ¢ 
. seid hy] <3 
I" ¢ pieces I considel rie 1Z€ al ; us for welds 2 Ss < racter ; get I f ‘ ’ 
K the I I ammer 1s substituted I vel] © ll ot er {oar c f welding . } ‘ ' ‘ t nd f 
for no ré cc thic : 
( hand-torging proce I thi Ss got , It< ¢ obtained wit ' 
ethod of torging, ‘ LITLITI . ul is as wit t electri welding Q hi vork than by thie 
ot a size to suit tn size ot the work \ gor d illustrat of this j the f forget c | vher oT } 
nan £ le of ile. which is usually ’ vor] 
1 9 
Ol KI judgment as tft t roed ; | t; fr t t} 
— 2 I S 10 j es I \ . 
1 , 1 
ver and ) tr the IOwsS ie€livere he tf the hott Ss T . 
+1 ' 
] ] rie O pe inc P ’ ‘ . : 9 
3 Cie I c erally f t V¢ 
" ] ; ‘ ‘ 1 
; \ ‘ t ly w I \ hey I 
_ ' . ‘ , 
enter. but few f f 
rT ’ , 
, niece ‘ ‘ ¢ ‘ r 
i ~ 
< p c nad the ] lit, ‘ 4 
\ 
Ping t ving + thy | f 1 rt 
ture t t —_—_ ‘ ‘ +4 f 
( i ? , ? ry hi 1 I 
trip e] t ; 
1 
niw * f , ‘ ) ~ 
>( ( iffecte 1 » 
e t ’ ; 
ré ot] 
\ ‘ , ’ 
c \ P ‘ 
\ P f ve ty 
1] 
) g1 s y 
1 rity les ; 
| 7 t t 7 + ‘ 
; i? | 
nsut ¢ Im ¢ ( tex . ' ; 
tl | | t ft { { t the llov S 
) 
PIECES , ‘te » ' , Recto - Se 
ping I the eat t £ eres itt vill tall out re lowing chemical 
t nT t - ; | +] ; ‘ ’ ‘ 
g [ itur I ail it I e pal ( ) per K 
7) 7 ’ 7 T ‘ } , 4] 1; yr ; | 
( i ( g os Wi e, cnie V ( l ( a ry ‘ + . oO ‘ 
P differen — Sj of the Di , o ft ‘ 9 : ; f ‘ the forg ’ oO ‘ 7 ne ( 10 
] t f ' , f ] 
ed, a and-t ged piece 1S usu g r | alway ' ent enhorn 0.025 nt 
mall enoug for the smit to put sreater than in the =s forging. ¢ , —_ ws 
‘ ++ ] lat 1 , 

‘ ré ' reheat it the minute the 1 will comple e] t cy nd thy | th, anne led tate ‘ ‘ 
a f 7 , 7 7 ° ¢ 7% | + + ] | 
erature lls below the st forging surplus is squeezed ou pening llowing 1 ical racterist Ter 

But mt r_for n ft narting 1 ] ‘ 1 ‘ ‘ , 
4 ( forged piece is 1 ( ) ing li ; rfter ' 9° 20.000 1 i 
° ' 4 ’ ‘ } . . . 
v times large enoug t D andled ward trimmed off I last iit 105.000 | 
a crane, and is theref liable t ' antlon tn o it 
ept under the ner long S >I nt f ( cS ner t 
r cod I 4 
will have 1 etfect o7 (One of t rst < mos portant Y , , } t-treated +} 
is results ij ery uneve ctri points in di torg o t} setting of the eT 1 draw +1, hara 
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only the skin is affected, and the exactly wn line t pro ¢ perfect gation in 2 inches 12 per cent redy 


ealing, which is resorted to after- torging tior fF are sper cent 
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EFFECT OF ALLOYING MATERIALS 


Chromium produces a mineral hard- 
ness in steel and steels containing this 
difficult to but if the 


kept above 2200 degrees 


alloy are forge, 
temperature is 
Fahrenheit, or a bright yellow, and never 
fall this it can be 
forged successfully. 

This would require frequent reheating 


allowed to below 


as the melting point is 2500 degrees Fah- 


and it cannot reach this tem- 
perature. With this 
make the dies with shorter steps between 


the different pairs than for the ordinary 


renheit, 


steel it is best to 


carbon steels. 
Steels containing nickel are more easi- 
but handled 


owing to its tendency to pro- 


ly forged, these must be 

carefully 

duce fissures. 
lhe vanadium steels are more easily 


forged than either of these, and if due 


is taken to increase the heat gradu 
that is, 
be plunged into the 


car¢ 
this steel should not 
heat all at 


ally at first 


once—no 


trouble will be experienced afterward. 

Silicon in small percentages does not 
affect the forgeability of steel, but in 
large amount it gives steel a_ fibrous 
grain and is therefore used principally 
for springs. But in the last few years 
this steel has been forged into gear 
blanks to quite an extent. In this cass 


the blanks should be made in the form 
of forged rolls, and not cut from bars 
in order to avoid the fibrous structur 

The aluminum, tungsten, titanium, 
manganese and other alloyed steels are 
not used to any extent for forgings, as 
those before mentioned show superior 


qualities and some of the last named are 


much higher in price 


HypraAvLic Press Gives Best RESULTS 


The inferior quality of many die forg 
ings is undoubtedly due to the drop-ham 
this has a 


met process, as 


tendency’ to 
produce only a bruising effect owing to 
descending at 
light blow 
The hydraulic 


the other hand, produces forgings of a 


the top di a high speed 


and delivering a which has 


no penetration. press, on 


far superior quality because it slowly 
squeezes the metal into the shape of the 
die, thus allowing it more ti: to flow 
into place and assume its new sl ape 
and therefore making it more uniform 
in quality with a great deal lower degre: 
of internal strains 

lo remove the inte rnal wns 1used 
by working the metal all forgings, no 
matter r uc should be 
anneal | Sil is 1 shocks to 
which f Q ibmitted 
will « { { p where these 
interna ul caus 
ing it ik at tl 01 lhe results 
ire very imilar to t l t tcl 
ng a bar in order to break i 

LIE ATING ) SUDDEN 
lany poor forging | 
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out by raising the temperature of the 
metal too suddenly. Certain molecular 
changes take place in the heating of all 
steels, and of the alloy steels in particu- 
lar which are liable to cause fissures in 
the core of the metal and these may not 
show in the finished product as they do 
not always break through the skin or 
outer shell of the forging. Thus by 
heating suddenly the outer shell becomes 
red before the core has had an oppor- 
tunity to absorb any heat and the outer 
shell expands, causing great strains on 
the core of the piece. 

In the case of a high percentage of 
nickel fissures become more pro- 
nounced than with the other alloys. 

\t a temperature of about 600 degrees 
Fahrenheit or a bright blue, most steels 
lose their ductility and are not fitted to 
resist strains imposed upon them by the 
expansion of an _ unevenly 
heated metal. Therefore the rise in tem- 
perature from the normal to 600 degrees, 
should be a gradual one, but after this 
it may be brought up to the forging heat 
as is desired. 


these 


differential 


as quickly 


Welding 


In many of the more intricate shapes 
hat are hand forged, a resource is had 

welding and if the average smith 
were told that he could not make a 
perfect weld he would feel greatly in- 
sulted. But from a large number of so 
called perfect welds that were examined 
very few showed a strength equal to 


unwelded section. 
With the alloy difficult to 
get a weld that that 
as nickel, chromium, vanadi- 


sO per cent. of the 
steels it is 
will even show 


percentage 


1m, tungsten, aluminum and some other 


alloys do not lend themselves to the 
welding process and it is difficult to 
make welds at all when these are 


steel to be welded 
a blacksmith’s 
steels 


the 
hand methods in 
Some of 


ingredients of 
by the 
these have been 


forge 
welded, but an efficiency of over 25 per 
cent. is seldom obtained. 

Carbon, however, is the principal ene- 


my of welds and with this as low as 0.15 


per cent. it must be handled with great 
‘are at the welding heat, while with 
0.20 per cent. of carbon the steel is very 
unreliable and with 0.50 per cent. of car 

m the steel is liable to be burnt at a 
temperature well below the welding heat 


Thus to make hand forgings where 


welds are necessary the pieces must be 
times the size of that neces 
required strength and with 


alloyed steels even this will 


PRINCIPLES INVOLVED 


Welding consists of heating two pieces 


a high temperature, then dissolving 


ff the iron oxide, which has formed on 
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the surface, by the use of some flux, 
such as borax, and then firmly pressing 
the pieces together. Welding plates are 
sometimes put between the pieces to be 
welded in place of the borax. These are 
special preparations which are made for 
this purpose and are covered by patents. 

The exact temperature to heat pieces 
to for welding is not known, but it is 
near the melting point as the steel must 
be in a soft, almost pasty, condition. 
The pieces are usually upset or enlarged 
at the ends, so that the section at the 
weld will be larger than the rest of the 
piece. In the ordinary weld they are 
hammered continuously until*the metal 
has cooled to a dull red. This breaks 
up the coarse crystals which have been 
produced by the high temperature and 
by finishing at a low temperature, a 
small grain is secured. 

This small grain is obtained, by proper 
welding, in the metal close to the weld, 
but there is always a place within a 
short the 
have been heated to the high temperature, 


distance of weld which must 


means overheated, and has not 


the 
at the weld by hammering it 


which 


received mechanical treatment given 


down to 


the proper finishing temperature. This 


will cause the metal to have a coarse 


grain at this point, which is usually fron 


4 to 8 inches from the weld, and tl 


metal will break at this point when sul 


mitted to a strain much less than the 


original strength of the metal welded 


Thus, while the average welder may say 


that if no break occurs at the weld it 
is as strong as the original piece, this 
is not true and welds seldom mad 
by hand methods that have more that 
60 per cent. of the efficiency of the orig 


a large number of tests 
found that th 


inal piece. In 


which were made it was 


cause of damage was the bad crystalliza 


tion adjacent to the weld 
RESTORING THE META! 
All steels which have been weld 
would give better results if they wer 


ab ve 


little 


Fahrenheit, as this heating would fr 


reheated to a 1050 degre 


store to a large extent the grain size 
all parts, 
Steel is 


drops of 


overheated when the firs 
melted 


in the interior of the mass 


: : > 
Dpegin 0 tor 


metal 
These s 


regate to the joints between the cry 


tals and cause weakness The seco 
stage of this is when the molten dro 
Segregate as far as the exterior a 
leave behind a cavity filled with gas. T] 
third and last stage is reached when g 
collects in the interior under sufficie 


pressure to form miniature volcanos a1 


break through the skin This project 
liquid steel and produces the wel 
knewn scintillating effect of this ter 


perature Into the 


openings formed 


these miniature explosions air enters at 
; 
Mechanical pr 


yxidizes the interior 








ux, 
ing 


ire 


ire 
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sure applied to the steel such as squeez 
ing, hammering, etc., if carried on con- 
tinuously until the metal has cooled to 
a dull red, will bring the steel back 
to its original condition and grain. By 
reheating to a little above 1650 degrees 
after the piece has been welded, will 
also aid in restoring it to its original 
condition. 


ELEcTRIC WELDING 


The hand method of welding being a 
slow, laborious process when large pieces 
were to be welded and the efficiency of 
the welds being low, it became necessary 
to abandon welding in many cases as 
a commercial possibility, or to invent 
some other means of performing the 
welding operation. This _ necessity 
brought into use the electrical welding 
process. 

In this process the pieces to be welded 
are usually butted together and clamped 
so there will be a pressure against each 
other. 
on each side of the joint to be welded 


Two electrodes are then placed 
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Alloyed steels that do not lend them- 
selves readily to welding by hand can 
be successfully welded by the electrical 
process. 

Che density of the metal is much more 
uniform when welded by electricity than 
by the hand method, and the weld is 
made in a fraction of the time. 

The amount of work required in finish- 
ing after electric welds is very small as 
ymparatively smooth; 


i 


it leaves it 
slight ridge right at the weld being prac- 
tically all the deformation there is in 
the metal. 

This has aided greatly in the produc- 
tion of forgings as they can be made 
in two, three, or more pieces and after- 
ward welded together. It has also been 
found in many cases to be a better method 
than brazing and in such cases is used in 
place of it. 

AUTOGENEOUS WELDING 

\ll of the benefits derived by welding 

with electricity can be claimed for this 


method as it confines the heat closel) 




















FIG. 38. STEEL, COPPER, BRASS 


electricity passing 


and the current ot 


through these also passes through the 


steel at the joint. This softens the metal 
yy heating it nearly to the melting point 
and the pressure of one piece against 


the other squeezes them together until 
they are welded. 


This process has many advantages 


ver the hand method. The heating can 
located and held in the 


he weld and the hand can be 


immediate 
vicinity of t 
eld on the metal but a very few inches 


-k from the weld. This prevents the 
etal from crystallizing 6 or 8 inches 
k as in the forge-heated pi 
mperature of the surfaces to be welded 
always under control which reduces 
danger of overheating the steel to 
inimum. The necessary pressure be 
een the abutted pieces may be regu- 
d to any pressure desired ry it 
gular shapes may be butted together 


welded in a very accurate manner 
efficiency of the weld has been in- 
ased 50 per cent. and in some cases 


Oo per cent. over that of 











AND BRONZE WELDED TOGETHER 


welded surface and the heat is 

under periect control 
[This process consists of heating the 
metal by a blow pipe using oxygen and 
acetylene gas. With this the metal is 
heated to the melting point and a Steel 
rod is passed along with the flame, steel 
melting off from the rod and flowing 
into the joint until it has been filled, 
The flame is largely carbon monoxide 


but at the tip where the heating takes 


place it is converted int arbon dioxide 
This gives a fl it will neither car 

ni r oxidize tal. In lighting 

e blow-pipe, t tv is first turned 
n full, then the oxygen is added until 
the flame has only a single cone whose 
pex is a temp e of 6300 degrees 
Fal heit J acetylene pro 
duces two cones and a white color, while 
an excess of oxygen is shown by the 





g a violet tint The best 
obtainable with 1.7 
imes of oxygen to one of acetylene 
The oxygen for the process is obtained 
has 


yecial generator which 








two lead-lined chambers with a scrub 
ber and settling chamber between them. 

In one generator is put a chemical 
charge of calcium compound and copper 
sulphate and the generator filled with 


lukewarm water after which the solution 
is stirred. 

In the second generator a solution of 
iron sulphate and water is poured 
[These two solutions produce a large 
quantity of oxygen which is_ passed 
through the scrubber into a receiving 
tank The oxygen is drawn from this 
tank by an air compressor which com 
presses it to 147 pounds in a storage 
tank from which it is taken through 
copper pipes to the point required. 

The acetylene gas is manufactured in 
the ordinary way from calcium carbide, 


and used at a pressure of 2 or 3 pounds. 


APPLICATION 


Through a system of piping, the flame 
is easily carried to the work which saves 
the labor of moving large pieces of work 
welding 


to a forge or hammer for 


Pieces one inch thick have been success 


fully welded with this process, but its 
best application is in welding sheet metal 
as joints of great length can be easily 
welded In fact its only limit is the 
length of the joint and the time needed 
an s latter can be carried out indefi 
nitely 

Oxy-acetylene welding gives its best 


results in the welding of steel, but cast 
iron is being welded successfully as well 
as copper, brass and bronze. The differ 
ent metals can also be welded together 
as is shown in Fig. 38 in which four 


plates were butted together and welded 
One pl \ teel, as shown by the 
white square another brass, as shown 


by the darker square in the diagonally 


opposit« rner and tl two very dark 
squares were coppe! d bronze respec 
tively. After weld 


ling these they were 
bent and broken at the joints to see if 


they were thoroughly welded and from 


the appearance of the fractures they 
would indicate a perfect weld The steel 
welded to the copper and bronze as well 
the rass did Ow) to t hig! 
heat of the flame, however, the lead and 
i in the bras ind bronze melted 
ut, leavil hol in the metal 
Weld f go per cent. efficiency can 
be made with careful workmanship and 
the cost in wages and gas for welding 
plates Q f an inch thick is about 2 
( nt pe | t 
\ variation of this process has been 
nade whicl heapens t] xxygen so that 
it ide to cover wider field 
f efulness This is tl liscovery of 
xy ge wader whi been named 
“epurite.” It is a substance containing 
oxygen i latent state, and a form 
susceptibl of easy liberation on con 
ic Vit vater said to be no 
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danget i with ereatest efulness of this meth 
e pre I re 1 Oo large quantity f welding is tor the stern frames of i 
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(Jxyge ‘ VarTOo¢? D 2 e 3 Ss, ing wheels or cor 
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5 M hi : set standards of cutting speeds 1 
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! ‘ ( d will ¢ vest result sults obtained under certan tions 
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Echoes from the Oil Country— °' 
A Pump with some Peculli- 


arities 





h ippe 








518 


motor is using 


electrical 


rotice that electric 
about six the amount in 
horse-power that your pump is delivering 
in water, and thought that perhaps you had 
not given me the correct figures.” 


your 
times 


I have not had access to any figures 
showing what the performance of this 
wonderful pump would be without the 


help of the fly-wheel, the lever and the 
equilibrium but this section is not to be 
favored with a manufactory. 

Quite a lot of valuable time might have 
been these pumps had 
been delivered to one of the shops with 
orders to test it efficiencies, 
but one thing was demonstrated time and 
again, and that is that it is hard for an 
honest man who is well informed, practi 


saved if one of 


and report 


cally, on machinery to convince educated 
men who are not informed on mechanical 
matters against the arguments of one who 
is both educated and well informed and 
who is using all of his powers to mislead 

This is not the only performance of the 
kind that has interested the inhabitants of 
the oil « of the latest. 


ountry, but it is one 





Business Items 





Engine 
oftic 


Ger 


Ridgway (Venn.) Dynamo and 


Company has district sales 


at 907 


opened a 
Andrews 
W. Enker, 


building, Cincinnati; 


manager, 


1 


The Cincinnati Chuck (¢ 


ablished 


‘ompany is now 
plant on 
Ohio 


a complete line of 


in its new Spring 
avenue, Cincinnati, and is 


fully equipped to turn out 





independent, combination, universal and 
geared scroll lathe chucks 
Trade Catalogs 
Allis-Chalmers Company, Milwaukee Wis 
Bulletin No. 1513, illustrating and describing 


portable air compressors 


Hawthorne, Ill 
Illustrated, 838 


Electric Company 


general supplies 


74X10 inches, cloth 


rhe Brown Hoisting Machinery Company, 


Cleveland, Ohio Catalog describing locomotive 
grab-bucket cranes Illustrated, 40 pages, 6x9 
Lr tie 

General Electric Company, Schenectady, N. Y 
Bulletin No. 4561, illustrating and describing 
Edison Cit "high - efficiency incandescent 

S 16 pages Sx104 inches 

George W. Jackson, Inc., Chicago, I Cata- 
‘ l CTIptl t of I! terloc KINZ steel heeting for 
bridge foundations, piles and casings for building 
roundathk ete ] trated 70 pages 7x10 
inch paper 

Fort Wa ] Wor Fort Wa Ind 
B in No. 1104, deseribir phase belted 
i rnato or B Illustrated, S page Sx104 
1 ( Bulleti No 110 le r ry elect z 
i oO l| rated, S pages, 8x104 inche 

| Carbureter Compa 76 Halse 

Newatr N. J., Pamp! entitled 

Carl etet 1 kt ‘ Troubles’ which 
describes the principle and operation of the 
Breeze carburetet! Illustrated, 32 pages, 34x6 
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Manufacturers 


The Wabash Company will erect a large round- 
house at Delray, Mich 

E. L. Fields Company, Bossier, La., will es- 
tablish a woodenware factory. 
of the Bryant Machine 
was destroyed by fire. 


The plant Compan) 
Seekonk, Mass., 
A large foundry building will be erected for 
the Standard Oil Company at Oil City 
The 
cinnatl 


Cin- 
build- 


Furnace Company 
$15,000 factory 


Grossius 
will erect 


John 
Ohio 
ing. 

The Rock Island System is said to be planning 
to establish large car shops at Hot Springs Junc- 
tion, Ark. 

Sneed & Jamison, Miss., will 
establish a plant for the manufacture of columns 
and pumps 

Tanners & Dyers Extract Company, Charles- 
ton, W. Va., will build a paper-pulp plant at 
a cost of $150,000. 

The American Can Company of New York and 
is reported, will build a $1,000,000 


Greenwood, 


elsewhere, it 
plant in Montreal, Canada 

The Taska & Meyer 
working Company, a new concern, 1s 
a plant at West Allis, Wis. 


Wor d- 


building 


Ornamental 


Plans have been completed for shop and 
foundry building for the American Brass Manu- 
facturing Co., Cleveland, Ohio. 

James B. Clow & Sons, of Chicago, Ill., will 


erect a plant at Coshocton, Ohio, for the manu- 


and wrought-iron pipe 
Works 


Stock 


facture of cast- 
rhe Leader 
increased its 
considered for the 
A. E 


plates ¢ 


Decatur, Il has 


Plans are 


Iron 


capital being 


extension of the plant 


King, of Huntsville, Texas, contem- 


stablishing a plant in Beaumont for the 


manufacture of furniture and woodenware 


Hafer & Foust, implement dealers, Chambers- 


burg, Pa., are 


erecting an addition which will 


be used as a blacksmith and woodwork shop 

rhe C. G. Garrigus Machine Company, Bristol 
Conn., organized at $50,000, has acquired a site 
for a plant Special machinery will be manu- 


factured 
Fire destroyed the plant of the Fifield Machine 
Lowell, Mass., 


$300,000 It is announced 


loss of 
will 


causing a 
plant 


Company, 
that the 
be rebuilt 

rube Com- 
Morgan 
will 


rhe Youngstown (Ohio) Sheet and 
purchased the plant of the 


Company at Struthers 


pany has 
Spring 


increase the 


Ohio, and 


output 


Plans have been completed for a new cannery 
building for the Montesano Wash Fruit 
Growers’ Association. This is to be equipped 
with the latest machinery. 


The Nashville (Tenn.) Foundry Company has 
been incorporated and is now putting up a seven- 
plant J. W. Satterwhite, O. H. Looney: 


Wilhite and others, incorporators 


story 
M. R 


rhe Norfolk & Southern Railway 


is having plans prepared for railroad 


Company 
shops at 





Chocowinity N. C., to cost about $300,000 
r. W. Cothran, Raleigh, N. C., assistant engineer. 
rhe Model Manufacturing Company Paris, 
xas, has been incorporated to manufacture 
sash, columns, brackets, et« W B. Ward 
L. A. Albright, A. M. McCormick incorporators 
rhe Gatling Lumber Company, Charlotte, 
N. C., has been incorporated with $25,000 capital 


doors and blinds. E. P. Gat- 
incorporators 


to manufacture 


ling, of Freeman, N. C., is one of the 


rhe Pierce Safety Appliance 
formed at Wheeling, W. Va 


been ‘ 
at Moundsvill rhe 


establish a plant con 
pany is capitalized at $500,000 and principal! 
office is at No. 1321 Market street, Wheeling 


The Regan Foundry and Hollowware Con 


March 26, 1908. 


pany is erecting a plant in Bessemer, Ala., for 
the manufacture of stoves, castings and hollow- 
ware. W. W. Hollingsworth, president of the 
Bessemer State Bank is behind the company. 
The Deadwood (S. Dak.) Business Club is 
organizing a company with $100,000 capital, 
for the purpose of rebuilding the foundry of the 
Black Hills Mfg. Co. which was destroyed by 
fire. J. C. O'Donnell, owner of the old foundry, 
is interested in the company and will manage the 


plant 





Want Advertisements 


Rate 25 cents a line for each insertion. About 
siz words make a line. No advertisements abbre- 
viated. Copy should be sent to reach us not later 
than Friday for ensuing week’s issue. Answers 
addressed to our care will be forwarded. Appli- 
canis may specify names to which their replies are 
not to be forwarded, but replies will not be returned. 
If not forwarded, they will be destroyed without 
notice. No information given by us regarding 
any advertiser using box number. Original letters 
of recommendation or other papers of value should 
not be inclosed to unknown correspondents. Onl 
bona fide advertisements inserted under this head- 
ing. No advertising accepted from any agency, 
association or individual charging a fee for ‘regis- 
tration,” or a commission on wages of successful 
applicants for situations 


Miscellaneous Wants 


Caliper list free. E. G. Smith Co., Columbia, Pa. 


If you use small gears in large quantities, write 
Berry and Parker, Erie, Pa. 

Wanted—American Machinist, No. 45, Volume 
30. Canadian Locomotive Co., Kingston, Ont. 


We buy or pay royalty for good patented ma- 
chine or tool. Box 282, AMERICAN MACHINIST. 


Hand power 
money-making. 


bending tools, labor-saving 
Estep & Dolan, Sandwich, Ill 


Light, fine machinery to order; models and 
electrical work specialty. E. O. Chase, Newark, 


te 


Special machinery designed and built; duplicat: 
parts, tools, jigs and dies The Wade Machine 
Co., 133 Oliver St., Boston 
Cleveland O., will 


Mechanical engineer, 
Commission. 


represent and sell for outside firm. 
Box 985, AMERICAN MACHINIST. 


Model making Patented machines manufac- 
tured on royalty. Rotary File & Machine Co 
589 Kent Ave., Brooklyn, N. Y. 


Wanted—Second-hand Rivett back geared 8- 
inch precision lathe and attachments in good 
condition. C. Nutter, Topeka, Kan. 


Special machinery accurately built. Screw 
machine and turret lathe work solicited. Rob- 
ert J. Emory & Co., Newark, N. J. 

Inventions, novelites, ideas, etc., developed; 
special machines designed. Albert Pott, M 
23 Platt St., New York, and Waterbury, Conn 
1907 AMERICAN 
cents for it 
New York 
pur- 

W 


If you have a copy of March 7, 
MACHINIST we'll give you fifteen 
AMERICAN MACHINIST, 505 Pearl St., 


Automatic machinery designed; special 
pose machines; working drawings. C 
Pitman, 3519 Frankford Ave., Philadelphia, Pa 


machinery, tools, dies, jigs and fix- 
Ideas worked out and perfected. 
436 Jackson Boulevard, Chicago, 


Special 
tures designed. 


E. Huxley, 


Ii) 

Wanted—Some novelty or small machine‘to 
manufacture Will buy patent, or territor 
rights Capital Foundry & Machine Co., Frank 
fort, Ky 


Gears cut to order, bevel, spur and mitre, or 


Bilgram and Gleason machines. Complete gears 
furnished Che Cincinnati Gear Works, Murdo 
Building, Cincinnati, Ohio 

Air. ammonia compressors, steam, gas, ol 
engines, turbines, centrifugal pumps, specia 
machinery designed, inventions developed. , Bo 
951, AMERICAN MACHINIST 

Special machinery designed, new ideas d 
veloped to practical results; tell me the condi 


tions you wish to improve and I will do the rest 


Box 950, AMERICAN MACHINIST 


Mechanical engineer or manufacturing m: 


desired in my machinery and hardware business 
Dividend payer Must invest $5,000—-$10,000 
Box OSS, AMERICAN MACHINIST 





_. 
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A large English firm of machine-tool importers 
having showrooms and offices in Great i 

France, Italy and Japan, is wanting good agencies and 
Apply Box 189, 


for machine tools of all’ kinds. 
AMERICAN MACHINIST 


Machinery built to order and by 
special parts made; gear cutting, automobile and 
pattern work, punch press and screw machine 
( Blair Tool and Machine 
Works, West and Morris Sts., New York City. 

Special machinery and duplicate machine parts 


built to order; tools, jigs and experimental work; : 
‘ordy Mfg. Mechanical engineer, 


work, tools, dies, ete. 


complete modern equipment. Mact 
Co., Amsterdam, N. Y. 


New British patent laws; high class engineering 
firm with modern plant is open to quote favorable 
terms for building engineering specialties or 
The Simplex Engi- 
Trafford Park, Manchester. 

In evenings, invent for profit; mail invention 


machine tools in England. 
neering Co., Ltd., 


for free advice, and cost to obtain 


oe prices; open day and evening 


AMERICAN 


Wanted, 


ritain, mechanic, a genuine 


Address 


supervision 
cost reducer, productive 
up-to-date organizer and systematizer 
“ Systematizer,”’ 


MACHINIST 


by an active expert 


AMERICAN MACHINIST 


Designer and engineer on light and heavy 


contract; 
opment; 


April Ist. 


machinery; inventive and manufacturing devel- 
modern shop processes; 30 years old; 
eight years in last position as chief, twelve years 
practical experience; open for responsible position 
Box 963, AMERICAN MACHINIST 


MICHIGAN 
having designed a line 


of gasoline and producer gas engines of an im- 


proved modern type, 
with concern for the 


Box 983, 

NEW 
a patent; Mechanical 
Edward 


wants to have position 
manufacturing of same 
Had responsible position for several vears with 
leading German firm. 
AMERICAN MACHINIST 


First-class references 


JERSEY 


¢ draftsman. long 
wishes position. Box 993, AMERICAN MACHINIST. 


experience, 


Thompson, M. im registered patent FE ny Chief draftsman, experienced on steam, gas 


member A. S. M. E., and A. I, E. E., 
Morningside Ave., West, New York, 
to Columbia University station. 


Situations Wanted 


Classijication indicates present address of adver- 


tiser, nothing else 


CONNECTICUT 


Superintendent or foreman. Suc 
chanic, 


Cost reducer, modern methods, 
Box 987, AMERICAN MACNIHIST 
ILLINOIS 


Superintendent, 3 
successful manager of men, 
work, moderate salary Box 933, AM 


via subway 


essful me- 
seven years in charge gasoline motors, 
general machinery tool work, designer of jigs. 


8, practical mechanic, highly 
interchangeable 


50 and 53 


centrifugal pumps, 


wants responsible position 
all-around 


Experienced, 


oil engines, turbines, air, 
inventor and 


ammonia compressors 
executive 
Box 966, AM. Macu, 
practical machine 


shop foreman and superintendent desires posi- 


tion. Several years as 


assistant superintendent 


of plant, 3,000 men, has ability for handling any 


NEW 

Gas engine, draftsman, 
Box 989, AMERICAN MACHINIST. 
Mechanical draftsman, 
dress, Box 992, care AMERICAN MACHINIST 


references. 


Engineer, German 


years’ shop and office 


big proposition, and yet I am not a “ know-it-all.’ 
Box 975, AMERICAN MACHINIST 


YORK 


references, experience 


wishes position. Ad- 


college education seven 


experience, especially 


cranes and hoists, wants new start Box 979 


AMERICAN MACHINIST 
MACH 





First-class tool and die 


maker wants positior 


4! 


Help Wanted 


Classification indicates present address uiver- 
tiser, nothing el 
CANADA 


} 


Wanted, man thoroughly posted on the pro 
duction capacity of machine tools to set premiun 
time limits in large electrical establishment 
Must have had experience and be systematic, 
Apply with references and salary wanted to Box 
948, AMERICAN MACHINIST 

Superintendent, with experience in building 
woodworking machinery preferred, capable of 
taking full charge of the manufacturing, where 
200 hands are employed, familiar with modern 
shop methods and able to produce at a minimum 
experience and salary expected 

Address, ‘Canada,’ Am. Macu, 


ILLINOIS 


cost: state age 
with references 


Wanted — Produ gas engine designer thor 
oughly up-to-date Mt ist be wide awake to 
possibilities and familiar with latest practice 
here and abroad Give experience and salary 


vanted Box 935, AMERICAN MACHINIST 
MASSACHUSETTS 
Pump Doctors Expert repair men wanted 
by manufacturers of trade steam, power, electri 
driven pumps and small engines Box 058 


AMERICAN MACHINIST 
MICHIGAN 
Salesman for vour state for remarkable fuel 
and labor saving device for boilers selling for $50 
Over 20.000 in use in the I S. and Canada 
Also hardware salesman to carry as side line our 


wonderful newly patented spirit level Diamond 
Power Specialty Co., Detroit Mich 
NEW JERSEY 
Wanted—Fifst-class foreman of assemblers for 
heavy electrical machinery State experience 
and expected salary Box 974, AM. MACHINIST 











Twenty-eight years’ experience in large manu- Wanted —First-class designer and originator 
aie ee tackmaner, familiar with interchang- facturing concerns. Cutting and drawing dies on hvdraulie work pumping engines, air and 
; ianufacture, intricate tools and fixtures and preferred. Box 981, AMERICAN MACHINIST aaten Gane t be fully competent to 
with some experience designing special machine tag . ee) ae ' ‘ 
tools. C. H. 1, AMERICAN MACHINIST. Chief draftsman, automatic machinery, too VOEK CUS COMERS, precios ox rience B.. sage 

Designer, with experience achine tool and fixture experience, desires change Expert to rede slzn ae velop & "BR a pny uM. ~“. 
special nac hines soak —) Pe Mg ge designer, rapid, ambitious and — tical ao. saaoeie 7 me . a 
manufacture of light machinery. Competent and PCRS oF SaperenS Bex S08, Au. Mace ” 
reliable. Box 991, AMERICAN MACHINIST — Wa — eo penn ny Ad 

Situation Wanted—Graduate mechanical engi- Toolmaker, machinist, twenty vears varied inuta g of tor ~ experience ” 
neer, nine years A mynd me om i experience, wants position. Box 980, AM. MACH. iress 1 B ; . MACHINIS 
eral machinery, tools and four years drafting Mechanical superintendent or general fore 
In or near Chicago. Box 990, AMERICAN MACH. man desires position th a concern in northert 

Foreman of automatic and hand screw ma- part of Ohio Med re services of a first-class 
chine department eighteer vears experience man are needet gest of fTreferences cal 
desires chang: Capable 9 Pe omen con . om furnished Address W. A. M., AMer. Macu 
and | attachments Will go anywhere Box PENNSYLVANIA For Sale 
976, AMERICAN MACHINIST Draftsman and engineer, Germa Iniversit 

MASSACHUSETTS graduate, thoroughly liliar with general shop 
First-class metal patternmaker, experienced engineering, design of tools, special ma For Sa Well equipped genera »D 
on hand and moulding-machine patterns, wishes ery A-1 reference Box 978, AM. MACHINIST New Jersev; employing 15 to 20 hand ood 
position Will go anywhere Box 938, Am. Me WISCONSIN eason for s¢ ng R., Box 1216, New York City. 

Fine mechanic, first-class machinist, electrical Wanted—Position as assistant superintende Good will and tools of completely equipped 
instrument and apparatus maker, speedometers, Technical graduat« a producer familiar wi machit shop, centra located in lower part of 
any mechanical work, age 31, go anywhere modern shop and drafting room practice Box New York Cit No, dealers need app Box 
L., 185 Heath St., Roxbury, Bostor 982, AMERICAN MACHINIST 049, AME! \N MACHINIST 
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HOUSANDS of milling 
tt operations are being made on 

expensive power(feed) milling 
machines that could be done quicker 
and to better advantage on this 
Hand and Weight (feed) Miller, 
costing half the money. 


It also cuts Key Seats automati- 
cally for the Woodruff Patent Sys- 
tem of Keying. 


Springfield, Vt. 
Tue WHItNey Mec. Co., Hartford, Conn 


Gentlemen Your Milling Machine ts one 
of the most indispensable tools in our mill 
ing department, on account of its adapt 
ability to many special needs 


Yours truly, 


JONES & LAMSON MACHINB Co 














e for Automobiles, Machinery, 
Chains Bicycles, etc. 


If you are not taking advantage of the 
Woodruff Patent System of Keying it will 
pay you to investigate. 

Better results and a great saving in cost. 

We carry 95 regular sizes of Keys and 
Cutters in stock for immediate delivery. 





The Whitney 
Mfg. Co., 


Hartford, Conn., U.S.A. 
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Bolt and Nut Machinery 
—Continued. 


National eee Oy Co., Tiffin, O. 
0., 


New Haven Mfg New Haven, 
Conn. 

Niles-Bement-Pond Co., New York. 

Northern Electrical Mfg. Co., 


Madison, Wis. 

Prentiss Tool & Supply Co., New 
York. 

Sellers & Co., Wm., Phila- 
delphia, Pa. 

Standard Engineering Works, Ell- 
wood City, Pa. 

Vandyck Churchill Co., New York. 

Waterbury Farrel Fdry. & Mach. 
Co., Waterbury, Conn. 

Wiley & Russell Mfg. Co., Green- 
field, Mass. 


Inc., 


Bolt Heads 
Lang & Co., G. 
Bolts and Nuts 

Cleveland Cap Screw Co., Cleve- 


land, 

Milton Mig. Co., Milton, Pa. 

National-Acme Mfg. Co., Cleve 
land, 

Bone for Case Hardening 

Rogers & Hubbard Co., Middle- 
town, Conn. * 

Books, Technical 

American School of Correspond- 
ence, Chicago, III. 


R., Meadville, Pa. 


Hill Publishing Co., New York. 

Sames, Chas. M., Jersey City, 
N. J. 

Boosters 

Burke Electric Co., Erle, Pa. 

Cc & C Electric Co., New York. 

Crocker - Wheeler Co., Ampere, 
N. J. 

Jeneral Electric Co., New York. 

Northern Elec. Mfg. Co., Madi- 
son, Wis. 

me way moyenne & Engine Co., 


tidgway, Pa. 
Westhnetes Electric & Mfg. Co., 
Pittsburg, Pa. 
Boring and Drilling Ma- 
chines, Horizontal 
Barnes Co., W. F. & John, Rock- 


ford, 
Beaman & Smith Co. Prov., R. I. 
Betts Mach. Co., Wilmington, Del. 
Binsse Mach. Co., Newark, N. J. 
Boynton & Plummer, Worcester, 


Mass. 
Detrick & Harvey Mach. Co., Wil- 


mington, Del. 
Fitchburg Machine Works, Fitch- 
burg, Mass. 
Fosdick Mach. Tool Co., Cin., O. 
Gisholt Mach. Co., Madison, Wis. 
Hill, Clarke & Co., Inc., Boston, 


Boston, Mass. 
Lucas Mach. Tool Co., Cleveland, 
0 


hio. 
McCabe, J. J., New York. 
Motch & Merryweather Machin- 


ery Co., Cleveland, O. 
New Haven Mfg. Co., New Haven, 


Conn. 

Newton Machine Tool Wks., Inc., 
Philadelphia, Pa. 
Niles-Bement-Pond Co., New York. 
— Tool & Supply Co., New 


Rockford Drilling Mach. Co., 
Rockford, III. 

Sellers & Co., Inc., Wm., Phila- 
delphia, Pa. 


Vendpek Churchill Co., New York. 
Whitcomb - Blaisdell Mach. Tool 
Co., Worcester, Mass. 


Boring and Turning Mills, 
Vertical 

American Tool Wks. Co., Cin., O. 

Baker Bros., Toledo, O. 

Baush Mach. Tool Co., 
field, Mass. 

Betts Mach. Co., Wilmington, Del. 


Spring- 


Bullard Mach. Tool Co., Bridge- 
port, Conn. 

Colburn Mach. Too! Co., Frank- 
lin, Pa. 

Gisholt Mach. Co., Madison, Wis. 

Harrington, Son & Co., Edwin, 
Philadelphia, Pa. 


McCabe, J. J., New York. 
Niles-Bement-Pond Co., New York. 
Prentiss Tool & Supply Co., New 


York. 
Sellers & ©. Wm., Phila- 
delphia, 
Vandyck Churchill Co., New York. 
Boring Tools 
are | Bros. Too! Co., Chi- 


Inc., 





Boxes, Tote 
as oo Wire Spring Co., Cleve 


Co., Aurora, 


land, O. 
ioe Metallic Mfg. 
ll. 
Box Tools, Roughing 
Bardons & Oliver, Cleveland, O. 


Brazing 
Industrial Oxygen Co., New York. 


Broaching Machines 


Harrington, Son & Co., Bdwin, 
Philadelphia, Pa. 

Hill, Clarke & Co., Inc., Boston, 
Mass. 

Lapointe Mach. Tool Co., Hud- 
son, Mass. 

Bulldozers 

Bliss Co., E. W., Brooklyn, N. Y. 


National Machinery Co., Tiffin, O. 
Niles-Bement-Pond Co., New York. 


Prentiss Tool & Supply Co., New 
York. 

Cabinets, Tool 

Armstrong Bros. Tool Co., Chi- 
cago 

Hammacher, Schlemmer & Co., 
New York. 

Lyon Metallic Mfg. Co., Aurora, 
Ill. 

Morse Twist Drill & Mach. Co., 
New Bedford, Mass. 

Calipers 

Brown & Sharpe Mfg. Co., Provi- 
dence, R. I. 

Morse Twist Drill & Mach. Co., 


New Bedford, Mass. 
Slocomb Co., T., Providence, 
2 


Starrett Co., L. S., Athol, Mass. 

Cams 

Bilgram, Hugo, Phila., Pa. 

Boston Gear Works, Norfolk 
Downs, Mass. 

Carborundum 

See Grinding Wheels. 

Carborundum Paper and 
Cloth 


Cogpegeacem Co., Niagara Falls, 


Case-Hardening 

American Gas Furnace Co., 
ork. 

Rogers & Hubbard Co., Middle 


town, Conn. 
vane & Co., J. H., Brooklyn, 


New 


Cast Iron Brazing 
Industrial Oxygen Co., New York. 
Castings, Brass and Bronze 


Lumen Bearing Co., Buffalo, N. Y. 
Rowell Co., W. G., Bridgeport, Ct. 


Castings, Die Molded 


Erle, Pa. 


Berry & Parker, 
H. H., Syra- 


Franklin Mfg. Co., 
cuse, , 2 


Castings, Iron 


Birdsboro Steel Fdry. & Mach. 


Co., Birdsboro, Pa. 

Cell Drier Machine Co., Taun- 
ton, Mass. 

Farrel Fdry. & Mach. Co., An- 


sonia, Conn. 
Taylor & Fenn Co., Hartford, Ct. 


Castings, Steel 


Birdsboro Steel Fdry. & Mach. 
Co., Birdsboro, Pa. 

Cammel, Laird & Co., New York. 

Carpenter Steel Co., wy ye 

Curtis & Co. Mfg. Co., St. uis, 


Mo. 
Farrel Fdry. & Mach. Co., Anso- 
nia, Conn. 


Cement, Cast Steel 


Clark Cast Steel Cement Co., 
Shelton, Conn. 

Centering Machines 

Hendey Mach. Co., Torrington, 
Conn. 

McCabe, J. J., New York. 

Niles-Bement-Pond Co., New York. 

Pratt & Whitney Co., Hartford, 


Conn. 





Centering Machines —Cont. 


Preptios Tool & Supply Co., New 
ork. 

Whiton Mach. Co. D. E., New 
London, Conn. 


Centers, Planer 


Morse Twist Drill & Mach. Co., 
New Bedford, Mass. 

New Haven Mfg. Co., New Haven, 
Conn. 

Pratt & Whitney Co., Hartford, 
Conn. 

Woodward & Powell Planer Co., 
Worcester, Mass. 


Chains, Driving 
Baldwin Chain & Mfg. Co., Wor- 
cester, Mass. 
Works, Norfolk 


Boston Gear 
Downs, Mass. 

Diamend Chain & Mfg. Co., In 
dianapolis, Ind. 

Link-Belt Co., Philadelphia, 

Morse Chain Co., Ithaca, N. 

Whitney Mfg. Co., Hartford, vot 


Chisels, Cold 


Whitman & Barnes Mfg. Co., Chi- 
cago, Ill. 


Chucking Machines 


American Tool Wks. Co., Cin., O. 

Bardons & Oliver, Cleveland, O. 

Brown & Sharpe Mfg. Co., Provi- 
dence, R. I. 

Cleveland Automatic Machine Co., 
Cleveland, O. 

Gisholt Mach. Co., Madison, Wis. 

LeBlond Mach. Tool Co., R. K., 
Cincinnati, O. 

McCabe, J. J.. New York. 

Reed Co., F. B., Worcester, Mass. 

Weenet & Swasey Co., Cleveland, 

o. 

Whitcomb-Blaisdell Machine Tool 

Co., Worcester, Mass. 


Chucks, Drill 


Apend_ Co., T. R., Brook- 
yn, 
—e & Co., R. H., New Haven, 


Con 
Cayvelend Twist Drill Co., Cleve- 


land, O. 

Cushman Chuck Co., Hartford, 
Conn. 

Griénkvist Drill Chuck Co., Jer- 
sey N. J. 

Horton & Son Co., B., Windsor 
Locks, Conn. 


Jacobs Mfg. Co., Hartford, Conn. 

Lancaster Knife and Mach. Wks., 
Lancaster, N. Y 

Morse Twist Drili & Mach. Co., 
New Bedford, Mass. 

Pratt Chuck Co, Frankfort, N. Y. 

Skinner Chuck Co., New Britain, 
Conn. 

Standard Tool Co, Cleveland, O. 

Trump Bros. Mach. Co., Wilming- 


ton, Del. 
Whitney Mfg. Co., Hartford, Ct. 
Whiton Mach. Co., B., New 


London, Conn. 
Wiley & Russell Mfg. Co., Green- 
field, Mass. 


Chucks, Lathe 
Commen Chuck Co., Hartford, 


Con 
Gisholt’ Mach. Co., Madison, Wis. 
Hoggson & Pettis Mfg. Co., New 


Haven, Conn. 
Horton & Son Co., E., Windsor 
Locks, Conn. 
Niles-Bement-Pond Co., New York. 
Pratt Chuck Co., Frankfort, N. Y. 
at Chuck Co., New Britain, 


mm . "Mtg. Co., New Britain, Ct. 

Whiton Mach. Co. D. B., New 
London, Conn. 

Chucks, Planer 

Niles-Bement-Pond Co., New York. 

Skinner Chuck Co., New Britain, 
Conn. 

Chucks, Split 


Hardinge Bros., Chicago, Ill. 
Rivett Lathe Mfg. Co., Boston, 


Mass 
Sloan & Can , Mate. Co., Ltd, 
Newark, N. 


Circuit Breakers 

Coy - Wheeler Co., Ampere, 
General Electric Co., New York. 
Western Electric Co., Chicago, Il. 


Westinghouse Blectric & M . Co., 
Pitteburg, Pa. 





Clamps 

Hammacher, Schiemmer & Co., 
New York. 

Hoggson & Pettis Mfg. Co., New 


aven, Conn. 
Le Count, Wm. G., So. Norwalk, 


Conn. 
Starrett Co., L. S., Athol, Mass, 
Co., Taunton, 


Tudor Mfg. 
se & Co., J. H., Brooklyn, 


Clatches, Friction 

Bliss Co., E. W., Brooklyn, N. Y. 

Caldwell, Son & Co., H. W., Chi- 
cago, Ill. 

Eastern Machinery Co., New Ha- 
ven, Conn. 

Evans Friction Cone Co., Newton 
Centre, Mass. 

Johnson Mach. Co., Carlyle, Hart- 


ford, Conn. 
Link-Belt Co., Philadelphia, Pa. 


New Haven Mfg. Co., New Haven, 
Conn. 

Niles-Bement-Pond Co., New York. 

Coal Handling Machinery 

Link-Belt Co., Philadelphia, Pa. 


Compound, Core 

Obermayer Co., 8., Cincinnati, O. 

Compound, Pipe Joint 

Dixon Crucible Co., Joseph, Jer- 
sey City, N. J. 


Compressors, Air 


Blaisdell Machinery Co., Brad- 
ford, Pa. 

Blanchard Machinery Co., Brad- 
ford, Pa. 

Bury Compressor Co., Erie, Pa. 


Chicago Pneumatic Tool Co., Chi- 
cago, Ill. 
Clayton Air Compressor Works, 
ew York. 
a mg & Co. Mfg. Co., St. Louis, 
i) 
General Pneumatic Tool Co., Mon- 
tour Falls, N. Y. 
Ingersoll- Rand Co., New York. 
Spacke Machine Co., F. W., In 
dianapolis, Ind. 


Compressors, Gas 


Blaisdell Machinery Co., Brad- 
ford, Pa. 

Cones, Friction 

Evans Friction Cone Co., New- 


ton Centre, Mass. 


Connecting Rods and Straps 

Standard Conaqeting Rod Co., 
Beaver Falls 

Tindel-Morris to, *nddystone, Pa. 

Contract Work 


Blanchard Mach. Co., Cambridge, 
Mass. 
Cell Drier Machine Co., Taunton, 
ass. 
Dietz Machine Works, Phila., Pa. 
Ingle Machine Co., Rochester, 
Manville Bros. Co., Waterbury, 
Conn. 


Merritt, Jos., Hartford, Conn. 
Turner Mach. Co., Danbury, ct 


Controllers and Starters, 


Electric Motor 
Case Mfg. Co., Columbus, O. 
et as - Wheeler Co., Ampere, 


N. J. 
General Ry Co., New York. 
Westinghouse Laos & Mfg. Co., 
Pittsburg, P: 


Conveyors, Automatic 


Lamson Congemseted Shane Ser- 
vice Co., Boston 
Link-Belt ‘Co., Phitedeiphie, Pa. 


Coping Machines 
Lon * Allstatter Co., Hamilton, 


Ohio. 
Niles-Bement-Pond Co., New York. 


Corundum 
See Grinding Wheels. 


Cotters 


my Twist Drill Co., Cleve 

an 

Morse Twist Drill & Mach. Co., 
New Bedford, Mass. 

Standard Tool Co., ‘Cleveland, 0. 

Whitman & Barnes M Mfg. Co., Vu’ 
cago, Ill. 
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Twist Drill With Oval Taper Shank 


The New Way to 
Drive Drills 








Oval Taper Sleeve Fitted With Drift Pin Ejector 


Oval Taper Shanks That Fit Into Oval 
Taper Drill Sockets. 


There are no tangs to twist off and there's no slipping or dropping out of 
the drills. ‘The whole shank stands the driving strain instead of the tang, as in 
ordinary drills. 





The Lancaster Oval Taper Drill Socket 


Furnished with any style shank desired. 


The Oval Taper Sleeve with drift pin ejector removes drill without tak- 


ing sleeve from socket. No slot to become battered. 
The greatest chuck proposition on earth. 
Our tools save 25 to 50 per cent. in drill bills. 


MADE ONLY BY 


LANCASTER MACHINE & KNIFE WORKS, 
LANCASTER, NEW YORK. 
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